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ABSTRACT 
{.\-
Chert, ferruginous chert and associated' chemical 
sedimentary rocks are a ubiquitous although volumetrically minor 
component of the Upper Ordovician-Silurian volcanic succession in 
) C~ntral NewfoundTand. They are intimately associated with volcanic 
! 
lithologies ranging from mafic pillow lava and pillow breccia to 
silic1c flows and pyroclastic rocks, and occur both as thin , 
discontinuous bedded lenses conformable with the vol canic stratigra~hy 
' and as massive pods interstitial to mafic -pillows. Although most units 
appear to be unrelated to base metal mineralization, a laterally 
col~tinuous horizon at Gull Pond, the Gullbridge ferruginous chert, 
overlies and is spatially related to two volcanogenic copper deposits . 
Two hundred and forty-seven rock sampl~s were analyzed for 
/ 
10 major and 10 trace elements in order to examine inter-element 
relationships providing infonnation on the genesis of these sediments 
and to determine whether chemical- concentrations in the Gullbridge 
ferruginous chert could be developed as a useful exploration tool. 
Chemica 1 data suggest that three processes contributed to 
the formation of these chemical sediments, viz; biogenic processes are 
inferred to have been responsible for most of the sil ica which is 
daninantly present as non-detrital quartz; hydrothennal processes are 
inferred to have contributed most of the Fe2o3, MnO, Ba, and Au; 
volcaniclastic sedimentation is the probable source of the remainit:Jg_) 
major and trace elements. Chemtcal trends in the rocks are strongly 
influenced by their mineralogy and can usually be related to the 
presence of specific minerals or groups of minerals. 
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Bedded chemical sediments were deposited in local topograpric 
depressions on the ·sea floor during periods of relative volcanic 
quiescence and unde~ent diagenesis under· oxidizing to mi l dly reducing 
conditions . Interpillow chert was depos~ed in interstit i al voids in 
the pillow lava, probably due to the mixing of hydrothennal fluids with 
sea water already present in the voids. 
No chemical trends are developed in these rocks as a function 
of their stratigraphic level and it appears that neither the progressive 
chemical development of the rel ated vol~nrsm nor the changing bulk 
chemistry of the associated volcanic rocks substantially influences their 
compos i t ion. 
The Gullbridge ferruginous chert can be distinguish-ed 
,;..t <: 
empirically and statistic:plly from s·imilar lithologies unrelated to 
mineralization on the b~sis of its higher Fe2o3 , MnO, Ba and Au 
concentrations. These components are inferred to have been contributed 
hydrothennally which suggests that this feature may be genetically 
related to the mineralizing process and thus have the potential of 
being a useful regional exploration tool. Sporadic high Ba values 
occur near the Southwest Shaft copper deposit at Gull Pond but the 
narrow strike length and sporadic nature of this feature probably limits 
its general usefulness in mineral exploration. 
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1.1 General Statement 
-..........__ 
CHAPTER 1 
INTRODUCTION 
• 
The intimate association of ferruginous chert and iron-rich 
edimentary rocks with volcanic sequences has been recognized from a 
virtually throughout geologic time 
(e.g. Goodwin, 1962; Gross, 1965; Grunau, 1965; BostrOm and Peterson, 
1966; Berger and von Rad, 1972; Garrison, 1974), although for 
Phanerozoic times, this association has been more commonly reported 
from ophiolitic and related sequences (Grunau, 1965; Robertson and 
Hudson, 1973, 1974; Thurston, 1973; Garrison, 1974; Bonatti et al . , 1976) 
than from sequences related to island arc volcanism. Furthermore, the 
close spatial relation of1t1is type of sedimentary rocks ;o base metal 
mine~lization has been remarked from a number of areas (e.g. Horikoshi, 
-~; McAllist~r, 1960; Robertson and Hudson, 1974; Ridler, 1970; 
·' Hutchinson et al., 1971; Hutch i nson7 1973). 
In central Newfoundland, chert and ferruginou s sediments have 
long been known from the Lower Paleozoic volcano-sedimentary sequence 
ampson, 1923; Espenshade, 1937; Heyl, 1936; Helwig, 1967; Dean, 1973) 
includi the Upper Ordovician-Silurian marine succession (Dean and 
Strong, 1975) which is dominantly composed of volcanic rocks of calc-
alkaline affinity (Strong. 1973, 1975). Furthermore, the Gullbridge 
copper deposit. which occurs within the latter sequence, has a prominent, 
laterally continuous ferruginous chert horizon associated with it 
(Upadhyay, 1970; Swinden, 1975). 
"'· 
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1.2 Purpose and Scope 
The present study is based on an examination of the field 
relations, petrography and major and trace element geochemistry of 
chert, ferruginous chert and associ a ted sedimentary rocks throughout the 
Upper Ordovician-Silurian volcanic sequence in central Newfoundland. 
with emphasis on the Gullbridge ferruginous chert which overlies the 
mineralized horizon at Gull Pond. The complete volcanic section was 
examined in three widely separated areas and samples we~e taken as 
much as possible from all stratigraphic levels of the sequence. In 
addition, the Gullbridge ferruginous chert horizon was extensively 
sampled all along its exposed strike ien~th. A total of 247 samples 
were analyzed for 10 major and 10 trace elements and examination of 
this data coupled with petrologic and field observations and mineralogic 
data was directed towardsthe following problems: 
l) The chemical composition of the sediments andthe mineralogic 
disposition of the elements. 
2) The genesis of these sediments, their depositional environment 
and the source(s) of their various components. 
3) The distinguishing features between the Gullbridge ferruginous chert 
and other similar lithologic units unrelated to mineralization, lateral 
variations in the chemical composition of this horizon possibly related 
to the underlying mineralization and the application of these features to 
mineral exploratio~. 
, .. 
l f 
t 
I 
l 
... 
, 
·• ~· 
l 
i 
l 
I 
- 3 -
1 . 3 Gen .. era 1 Geology of Southern Notre Dame Bay 
Southern Notre Dame Bay is underlain by a th i ck succession of 
Early Paleozoic volcanic rocks and volcanogenic sediments (Fig. 1.1). 
The oldest recognized rocks in this succession are mafic pillow lavas 
and assodi a ted minor sedimentary rocks of the Lushs Bight Group 
(Espenshade, 1937; Maclean, 1947~ Horne and Helwig, 1969; Dean and Strong, 
1975) which are of oceanic tholeiite affinity and have been interpreted 
by Church and Stevens (1971). Smitheringale (1972), and Strong (1973), to 
comprise Cambrian to Lower•Ordovici an oceanic crust. 
The oldest rocks~ island arc affinity in Notre Dame Bay are the 
mafic pillow lavas with lesser pyroclastic rocks, silicic volcanic domes 
and greywack.e assigned to the Cutwell, Wild Bight, Moretons Harbour, 
Western Arm and Summerford Groups of dominantly Lowet to Middle Ordovician 
age (Dean and Strong, 1975) . Detailed study of the Cutwell Group at Long 
Island (Kean, 1973; Kean and Strong, 1975) has shown that a progressive 
~ change from volcanic rocks of oceanic tholeiite aff\nity to those of 
--....._ island arc affinity characterizes the base of this succession. These 
volcanic rocks are interbedded with and confonnably overlain by a thick 
sequence of black shale, chert, greywacke, and minor mafic flows assigned 
to the Exploits Group of dominantly Middle Ordovician to Lower Silurian age 
(Williams, 1964~ Helwig. 1967~ Horne and Helwig, 1969~ Dean and Strong, 1975). 
The top of the Exploits Group is gradational and confonnable with the 
overlying marine, dominantly volcanic sequence of Upper Ordovician and 
Silurian age, variously assigned to the Roberts Ann Group (Williams. 1964), 
..., 
Chanceport Group (Strong and Payne, 1973) and Cottrell's Cove Group (Dean, 
1973~ Dean and Strong, 1975). The base of this succession comprises mafic 
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volcanic roc~s interbedded with greywacke and shale and overlain by 
tuffaceous greywacke and siltstone, silicic tuff and ferruginous chert 
I 
(Dean and Strong, 1975) which give way to a thick sequence of dominantly 
mafic flows of calc-alkaline affinity (Strong, 1973, 1975). The ~op of 
the succession is generally characterized by abund-ant silicic flows and 
coarse pyroclastic rocks and tuff (Noranda Mines Staff, 1971; oe·an, 1973). 
The Upper Ordovician-Silurian calc-alkaline sequence attains its maximum 
thickness in the Roberts Ann area and thins rapidly to the south (Neale 
and Nash, 1963) and to the east where considerable amounts of greywacke, 
shale and chert in the succession on the Moretons Harbour Peninsula 
(Strong and Payne, 1973) may mark the distal end of active volcanism 
at this time (Dean and Strong, 1975). 
In the eastern part of Notre Dame Bay, the top of the cal c-
a1kaline volcanic sequence is truncated by the Chanceport Fault (Dean, 
. 
1973; Strong and Payne, 1973) while to the west it is disconfonnably 
overlain by fluvatile red sedimentary rocks assigned to the Botwood 
(Williams, 1964) and/or Springdale (Neale and Nash, 1963; Strong, 1973) 
. Groups of probable Silurian age (Neale and Nash, 1963; Dean and Strong, 
19 75). 
1.4 Choice and Location of Study Areas 
Three areas within the Upper Ordovician-Silurian volcanic 
sequence were chosen for the present study (Fi·g. 1.2). Their location, · 
access and the reasons for their cho1ce are summarized below: 
' . \ . 
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1) Roberts Am Area: 
This area includes the thickest part of the Upper Ordovician-Silurian 
volcanic sequence (Fig. l. 1) and is centered on approximat~ coordinates 
Lat. 49° 29'N, Long. 55° 53'W. Access is provided ~in1y by roads 
connecting the Trans-Canada Highway with Triton and Sunday Cove Islands. 
A major consideration in the choice of this area was the existence of 
detailed, . relatively large-scale geologic maps (Espenshade, 1937; Hayes. 
1951; Noranda Mines Staff, 1971) which provided a maximum of stratigraphic 
control for samole locations. Another major consideration was the 
abundance of coastal exposure throughout the section, this being important 
because the sediments sampled comprise a volumetrical1y minor part of 
the volcanic succession and in the absence of almost continuous exposure 
; ( 
are difficult to find. 
2) Fortune Harbour Area: 
This area, in the northern part of the Fortune Harbour Peninsula, 
is centered at approximately Lat. 49° 39' N, Long . 55° 14' W and is 
reached via a road connecting the Trans-Canada Aighway with the village 
of Fortune Harbour. 
This area was chosen as the representative section in the eastern 
part of the vol cani c sequence for reasons similar to tkose for the 
' / 
Roberts Anm Area. Detailed geologic m8PS were available as a result of 
the work of Helwig (1967) and Dean (1973) and good exposure of the complete 
._ ' 
; 
section was afforded by coastline in Fortune Harbour ~nd along the west 
side of the peninsula, as well as by extensive road cuts . 
.. 
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3) Gull Pond Area: 
This area encompasses a north-south section of volcanic and 
-~edimentary rocks centered at approximate coordinates Lat. 49° 12' N, 
Long. 56° 09' W, and good access is provided by the Trans-Canada 
Highway which cuts the northern part of the area, an all weather road 
connecting the highway with the Gullbridge townsite, and numerous 
woods roads and trails. 
Of principal interest in this area was the ferruginous chert 
horizon associated with the Gullbridge ore deposit, along with a 
number of similar horizons apparently unrelated to mineralization which 
were also investigated and extensively sampled. 
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CHAPTER 2 
THE OCCURRENCE AN D ORIGIN OF CHERT AND FERRUGINOUS 
SEDIMENTARY ROCKS IN VOLCANIC ENVIRONMENTS 
2. l Introduction 
Chert and ferrug i nous sedi ments are volumetrically minor 
but ubiquitous components of volcanic sequences around t he world 
(Grunau, 1965; Garrison, 1974) . Until recently , di scussion of the 
origin of these s ediment ~ was nece s sa ri l y based on evidence in an c ient 
depos its where primary features are often partia l l y or compl etel y 
obliterated by diaqenetic and metamorphic processes. However, t he 
discovery of recent s iliceous s ediments on the ocean floo r during the 
Deep Sea Drilling Projec t ( DSDP), and the concentrated study of 
ferruginou s sed iments pres entl y formin g in a vari ety o f submarine 
vol canic environments, has afforded t he opportunity t o vi ew the modern 
analogues of ancient chert and ferruginous s edime n ts and to gain a 
better unders tanding of their genesis. 
Thi s chapter presents a review of current knowledge of the 
occurrence and oriqin of modern and an ci ent -; iliceous and fer ru ginou c; 
sediment~ which are chemi cally and / or environmentally analoqou s to 
those s tudied during the present project. 
2 .2 The Occurrence and Origin of Bedded Chert 
The ''chert problem" has been a s ource of debate among geologi s t s 
' 
fo r a consi derabl e t i me and the resulti ng volume of lite r atu re prohibi ts a 
c omprehens i ve r e vi ew of all relevant publi c ations. Accordi ngl .y, t his 
•• 4,,_,.. __ ... 4' .. . • • • 
i 
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se~,tion is restncted to surm1arizing contributions leadi ng to the present 
i nterp retations of the or igin of bedded chert, e spec iall y as they bear 
on the origin of the s ili ceous sed imentary rocks of tile presen t study . 
extensive references beyond the scop e of this summary are listed by 
Cressman (1962),Grunau (1965), and Garrison ( 1974). and numerous 
descri ptions of modern.siliceous sedir1ent s can be found in the Initia l 
Reports of the Deep Sea Drillinq Project. 
The close associat i on of some bedded chert with volcani c rocks 
led earl y workers t o s ugges t a genetic t ie between t hem. Davis (19 18 ) 
concluded as a result o f his study of radi olarian chert i n the Franciscan 
Group that the silica was introduced to t he sea f l oor ; by volcanic thennal 
sorings, in <lmounts exceeding t he solubility of amorphous silica and was 
precipitated inorganically by the cooling of the heated water. This 
notion was later reiterated by Sampson ( 192 3 ) in his s tudy of chert in 
Notre Dame ~ay and variations of it have appeared intenn i ttently in the 
literature up to the present (e.g. Iwao, 1970 ). 
The earliest convincing evidence of a bi ogen ic ori gi n for chert 
was supplied by Bramlette (1946) who suggested t hat the bedded c he rt of 
the Monte rey Formation, California, resulted from the conversion of 
biogenous opal in diatomi te to an op,aline claystone and thence t o quartz 
chert. Ernst&. Calvert (1969) later identi fied thi s claystone as 
disordered cristobalite and experimentally confinned the nature of the 
reaction. The general applicability of Bram l ette' s theory was supported 
by exp~rimental work on the low temoerature solubility of amorphous sili ca 
and quartz (Krauskopf, 1959 ; Si..ever, 1962 ) which indi cated that ' inorgani c 
• 
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precipitation of silica cannot take place in nonnal s e a water be cause 
of its marked undersatu ration in diss olved s ili ca with respec t t o 
amorphous s il i ca. However S iever (1962 ) noted that ex tensive di ssoluti on -:1 
of biogenous opal on the sea floor due to the metas tabi lity of amo rphous 
s ilica in t he marine environment shou l d lead i n some c ases to interstitial 
so 1 uti ons supersaturated with respect t o quar t z and c a paq1e of pre c i pita ti ng 
that mine ral. 
!he opportunity to observe t he abo ve theoreti cal considerations 
in the recent geologic re cord was provided by the recovery of chert and 
siliceous sediments from wide s pread DSDP cores ranging f rom t he North 
Atlant ic t o the Pacific (Davies and Supko, 1973). Detailed study of 
these cores re vea 1 ed that a wide variety of s i 1 i ceous r ocks wa"> pr esent 
from s ili ceous ooze th r ough porcellanites in va r ious s tages of indurati on 
to quartz chert. Heath and Moberly (1971), noting that this l ithologi c 
sequence was chara cterized by increasing age of the deposits , were led 
to sugges t a "maturation theory" of chert genes i s in which thre e steps 
pr oceeded natura lly with increasi ng age as follows: 
1) Dissolution o f opal i ne debris and/or alte ration of 
montmorillonite and reprecip_~~ation of disordered cristobalite to form 
I 
a cri s toba 1 i te - mon tmori 11 ortite c 1 ays tone. 
2) Creation of a well indurated porcellanite through the 
crystall i zation of additional cri s tobalite. ., 
3) Solid state invers i on of cristobal ite to quartz with 
·, 
attendant loss of all remaining po ros ity and obliteration of vi rtually 
all sili ceous skeletons preserved in the cristobalite- porcellanite .. 
I 
- 12 -
Berger and vonRad ( l972) suppl ied detailed descriptions 
of :::hert and siliceous sediments cored in the Atlant i c Ocean and further 
refined the maturation theory by takinq into ac count an increased 
variety of deposits. They defined four basic types of c he r t based on 
tf(ture, sedimentary fabric, and silica mineralogy ranging from 
immature opal-lussatite ooze or mud to indurated, hanogeneous qua rtz 
chert. Their interpretation of the diagenet i c changes leading to the 
various types is su11111arized in Fig. 2-l. 
An opposing theorv of chert genes is arising from study of 
DSDP cores was propo~ed by ~ancelot ( 1972) who contended that the clay 
content and permeability of the host rock and the presence of f oreign 
cations detennined whether disordered cristobalite or quartz woul d 
precipitate at any given time. He suggested that in a clay-free 
carbonate environment, quartz may form by direct precipitation while in 
clay-rich sediments, disordered cristobal ite will fonn. The discovery 
of disordered cristobalite in clay-free chert on the Kerguelen Plateau 
(Wise et al., 1972) and of quartz cherts in clayey and marley beds i n 
the central Atlantic (von Rad and Rosch, 1974) as well as topo l ogical 
considerations discussed by Calbert (1974) tend to limit the genera l 
app 1 i cabi 1 i ty of this hypothesis . 
The role of volcanism in the formation of c~ert is still a 
s ub j ect of considerable debate in the literature (e.g. see discussion by 
Calvert, 1974) and while it has been shown that volcanism is not a 
necessary prerequisite for chert formation (e.g . Wise et al., 1972), 
there is a considerable body of evidence to suggest that it can be a 
• 
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Fig. 2.1 (from Berger and von Rad 1972) 
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positive influence in the process. Some recent worke rs have speculated 
that subaqueous volcanic activity may create an environment where 
siliceous organisms wil l flourish and/or where their preservation after 
sedimentation will be enhanced {e.g. Grunau, 1965; Thurston, 1972; 
Kanmera, 1974; Roberston and Hudson, 1974) while others have noted that 
the alteration of volcanic detritus in the submarine environment may 
contribute substantial amounts of silica to interstitial·solutions 
during diagenesis. thus promoting the crystallization of cri s tobalite 
(Gibson and Towe, 1971; Heath and Moberly, 1971; Berger and von Rad, 1972; 
Calvert, 1974; von Rad and Rosch, 1974). 
' Ramsey ( 1973) stressed' that divergence of surface water 
masses due to atmospheric and hydrospheric circulation leads to upwelling 
of nutrient-rich deeper water in modern oceans, and the resulting 
enhanced productivity of siliceous .plankton is reflected in an abundance 
of siliceous sediments in these areas. He suggested that world-wide 
distribution of siliceous sediments in Ordovician-Silurian times ap pears 
to have been most prominent in a broad zone which, ~ccording to continental 
reconstruction, falls in the Lower Paleozoic equivalent of the modern 
equatorial "silica zone". 
Although there is still much debate concerning chert genesis, 
a consensus of opinion seems to be developing in the literature on some 
aspects ,of the problem and the present interpretation uf this process by 
JJtOSt present workers can be summarized as follows (modified after Wise 
and Weaver, 1974) : 
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l) Chert formation begins with_the diagenetic precipitation 
of disordered cristobalite from interstitial solutions supersaturated 
in silica with respect to quartz. The iiTI11ediate source of silica is 
thought to be the solution of biogenous opal. although 
con tri but ions teration of clay and volcanic glass cannot be 
ruled out. 
2) The maturation theory of chert fonnation (Heath and Moberly, 
1971; Berger and von Rad. 1972) clos~ly approxi'mates the actu~ process. 
Most siliceous tests are destroyed during diagenesis and the presence of 
just a few fossil traces in an indurated chert may thus reflect the 
original presence of many more, obviating the necessity of postulating 
an exotic source for silica. 
3) ~o amorphous silica gel phase has been detected in modern 
incipient chert and no such phase is considered to exist during the 
formation of this lithology. 
4) Oceanic chert may form wherever biogenous opal is abundant, 
independent of water depth, notwithstanding other· factors such as dilut i on 
by clastic sedimentation and volcanism, dispersal by turbidity currents, etc. 
2.3 Occurrence and Origin of Iron-Rich Rocks in Volcanic Environments 
Although sediments examined during the present study are as a 
whore not particularly iron-rich. a significant number of samples contain 
very high concentrations of tot a 1 iron and an inquiry into the occurrence 
and origin of iron-rich sediments in ancient and modern volcanic regimes 
is thus appropriate. 
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The nomenclature of the iron-rich sedimentary rocks has 
never been universally standardized and the useage of the terms "iron 
formation", "ironstone", "iron-rich sedimentary rock " , and "ferruginous 
sediment" as well as the numerous local tenns varies considerably from 
place to place. Following Gross (1965) "iron-rich sedimentary rocks" 
are herein defined as stratigraphically concordant, bedded sediments 
containing greater than 15% total iron. while "ferruginous sediments" 
are defined aft~r Beukes (1973) as those containing less than 15% total 
iron but still having an amount significantly above cr~stal abundance. 
2.3.1 Evidence from Ancient Deposits 
Iron-rich sedimentary ro!=kS from around the world were 
classified by Gross (1965) into six major types according to lithologic 
features. geologic setting and associated sedimentary rocks (Table 2. l). 
In this classification, iron-rich lithologies in the present study fit 
most readily info ~he "Algoma type", an ass.ociation that will be further 
explored in Section 2.4. 
A second way of subdividing the iron-rich sedimentary rocks 
is based on facies changes that result from varying environmental factors 
during d~ition and diagenesis. Followi ng the work of Krumbein and 
Garrels (195~). who showed that the type and amount of chemical 
precipitation ~recontrolled principally by the pH and Eh of the 
aqueous medium, James (1954) defined the oxide,carbonate, silicate and 
sulphide facies (Table 2.2). 
Numerous workers have considered the problem of the source of 
• iron in se.Jfinentary iron deposits and three principal mechanisms listed 
below have been proposed (after James, 196~): 
' 
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TABLE 2.1 
CHARACTERISTIC FEATU RES OF THE .DIFFERENT TYPES OF IRON-FORMATION 
(after Gross, 1965) 
l. Algoma type: Thin-banded chert or qoartz and iron oxides, ~ilicates, 
carbonates and sulphi.~es, associated with volcanic rocks. and greywacke; 
usually in thin lense4'.with streaky banding~ oolitic textures absent 
or inconspicuous; relatively rare but in rock of all ages, especially 
early Precambrian; eugeosync1ina1; e.g . , Moose Mountain and Michipicoten 
area, Algoma district, Ontario. 
2. Suoerior type: Interbanded chert or quart2 and .iron minerals with 
prominent granular or oolitic textures; associated with dolomite, quartzite, 
bla~k carbon-bearing shales and slate, chert breccias and volcanic rocks ~ 
usually well-defined fonnations of broad regional extent; fonn in 
continental shelf and miogeosyncl inal environments. Extensively 
developed in late Precambrian rock groups, e.g., Lake Superior and 
Labrador iron ranges. ~ 
3. Cli.nton type: Hematite-chamosite-siderite fonnations; interbedded 
with carbonaceous shale, carbonate rocks and sandstones~ high in phosphorus 
corrtpared to cherty fonnations; ooliti c to granular texture; miogeosynclinal 
and shallow-basin environments; lenticular beds restricted to thin formations 
of broad regional extent as in the Appalachian belt. Host common in rock 
groups of Cambrian to Devonian age, e.g . , Wabana, N~foundland; 
4. 
Birmingham, Alabama. 
Minette type: Siderite-chamosite-1Ton silicate, andtioethite beds; 
usually high in phosphorus; oolitic textures; lenticu'T'ar beds containing,_ 
clastic material, sideritic mudstones, and concretionary siderite layers; , 
associated with sandstones, carbonaceous shales, siltstone and limestone; 
cyclic sedimentation of sandy beds, shale and vonstones, and black shale, 
comnon; fanned. in transition zones between marine- and brackish-water 
environments. Most common in Mesozoic and younger rocks, e.g., Peace 
River area of Alberta, Canada; Jurassic beds in England; Minette ores 
of Lorraine, France, and in Luxembourg and. Belgium. 
5. Non-oolitic : A heterogeneous group _of non-oolitic, lensy, ferruginous 
beds~ vary in composition and type from the b 1 ackband s i deri tic 
carbonaceous claystones associated with coal; to the Lahn and lHll hematite 
and goethite beds locally rich in manganese and/or silica; to siderite-iron 
sili.cate-goethite lenses in shale . As-sociated with fine-grained clastic or 
volcanic ro.Jll<s; occurring mainly in late Palaeozoic and younger rocks, e.g., 
Lahn and J)'f'll River area in Hesse, Gennany; Vares, Yugoslavia; Gross 
ll seq_e and Peine in Lower Saxony. · 
6. Clastic: Placer deposits of black sands; mainly magnetite with siderite or 
hematite in sandstones, usually contain titanium and · rare earth elements; thin 
beds of 1 ensy dis tri buti on, varied grade, and qua 1 ity; deposited a 1 ong beaches 
or near shore marine environments, e . g . • iron-formation near Bunnis, Alberta, 
in the Belly River sandstone. 
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TABLE 2.2 
, 
CHARACTERISTICS OF VARIOUS FACIES OF IRON FORMATION (data after Gross, 1965 ) 
Facies 
Oxide 
Carbonate 
Silicate 
Sulfide 
Iron 
Mineralogy 
Hematite 
Magnetite 
Side rite 
Grunerite 
Mi nnesotai te 
Stilpnomelane 
Chamosite 
Iron chlorites 
Pyrite 
Pyrrhotite 
Marcasite 
.. - · · -~· - -·-· -·· ---······ 
Chemical Conditions 
for Fonnati on 
1
tite-pos. to low neg. Eh, 
weakly acid to alkaline. 
etite-Eh intermed. to 
dly reducing. pH weakly 
acid to alkaline. 
Strongly reducing; CO 
partial pressure a~osphere. 
Probably reducing; low co2 partial pressure. 
Commonly associated with 
siderite and magnetite. 
Strongly reducing with 
abundant H S and high 
ferrous irbn concentration . 
pH not critical. 
Physical Features 
Late Precambrian to 
present-commonly show 
granular and oolitic 
textures. 
Early Precambrian-
above textures not 
corrrnon. 
Depositional Environment 
At basin marg ins in relativel y 
shallow wate r where water 
agitat ion leads to ooliti c and 
granular textures and 
oxygenation. 
Granular and oolitic Deep, qui et wa ters, l i ttle 
texture commonly absent. agi t at i on. Furt her from shore 
Where above are present, and cooler water than oxide 
they often occur i n the fac ies; environment changed 
oxide-carbonate with co2, possibly from organ ic transition zone. decay. 
Granular textures 
COOlllOn. 
Common types of depos i ts : 
-dissem. pyr. in black 
carbonaceous shale 
-py . and po. mixedwith 
siderite and carbonate 
in banded chert. 
- py. and po. beds with 
minor siderite . 
-oolit i c pyrite in 
black shale . 
Environment common to pa r ts of 
o~ ide and carbonate f acies . 
Low C0 2• 
Deeper pa r t s of bas i ns, no wate r 
ag itation, organ ic carbon 
oreserved, H2s f ormed by bacte ria, lit t le clas t ic sed imenta t ion. 
' ' . 
------
. ....... .... ~ ....... ...... - ...._.... . 
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1) Work by Gruner. (1922) and later supported by Gi ll ( 1927) 
and James (1954) among others suggested that iron was mainly derived 
from weathering of continental land masses under humid, t ropical and 
subtropical conditions, a suggesti on that is still current in the 
literature (e . g. Beukes, 1973). 
2) The release of iron through sea bottom reaction ·on 
clastic mater i als and its concentration by selective sea bottom 
precipitation~- ~iagenetic reactions was proposed by Strakhov (1959) 
and Borchert (~60) among others. 
3) The derivation of iron from contemporary volcanism was 
f -irst propounded by van Hise and Lieth ( 1911) and later expanded by, 
among others, Goodwin (1956, 1962 ) and Oftedahl (1958) who speculated 
that iron (as well as other metals) enriched in gasses expelled from a 
crys tallizing magma would precipitate on the sea floor upon their 
discharge into the submarine environment . Oftedah l (1958) termed the 
deposit t~us formed "sedimentary e~lative" and variations of this 
concept were later invoked to account for the orff'n of Archean Algoma-
type iron formation (e.g. Goodwin, 1962; Ridler. 1970; Hutchinson et al., 
1971). ferruginous mudstones associated with ophiolite successions 
(E l derfield et al., 1972; Robertson and Hudson, 1973, 1974; Bonatti et al., 
1976) and ferruginous chert in an is land arc environment ( Iwao. 197-D ) . 
2.3.2 Recent Deposits Related to Volcanism at Spreading Axes 
Metalliferous sediments on the East Paci fic Rise have been the 
...__ object of detailed studies as examples of chemical precipitates on an 
' 
active spreading axis (Bostrom and Peterson, 1966, 1969; Bostrom et a1., 1969; 
- 20 -
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Bostrom, 1970). These sediments are characterized by a high accumulat i on 
rate (Bostrom, 1970) and consist dominantly of goethite, iron-rich 
montmorillonite and manganese hydroxides (Bostrom and Peterson, 1969). 
They differ significantly from normal pelagic sediments, being 
relatively enriched in Fe, Mn, V, As, U, Cd, Zn, Band Hg (Bostrom et al., 
1972) Clnd depleted in Aland Ti (Bostmn and Peterson, 1966). Similar 
• patterns are also reported from sediments in the median valley of the 
Mid-Atlantic Ridge where Cronan (1972) reported significant enrichment 
of Fe, As and sometimes Hg and a depletion of Al relative to normal 
pelagic sediments. 
Bostrom and Peterson (1966, 1969) considered these sediments 
to be hydrothenna1 in origin, resulting from the precipitation of metals 
from mineralizing solutions which originated in the mantle and rose 
directly to the sea floor at the ~preading axis (Fig. 2.2). Other 
workers have stressed the role of hydrothermal leaching of volcanic rocks 
as a source of metals in the solutions (Bonatti and Joensuu, 1966; 
Corliss, 1971; Hart, 1973). Bonatti et a1. (1972) suggested that hydrothennal ~ 
deposits could be distinguished from more slowly accumulating hydrogenous 
deposits by virtue of their lower Cu+Ni+Co values and high Fe/Mn ratio 
and by their depletion in thorium relative to uranium (Fig. 2.3) and 
concluded that hydrothermal deposits predominate in areas of active 
volcanism. 
Basal metalliferous sediments iA DSDP cores from the Pacific 
Ocean were described by von der Borch and Re~ (1970) and von der Borclt.. 
et al. (1971) who noted their similarity with the East 
and proposed that th@se were formerly deposited on the 
Pacific Rise deposits 
r;se and~s~uently 
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FIG. 2.2 Schematic repres entation of sedimentatipn processes on 
the East Pacific Rise ; A- Detrital (+pelag i c) facies; B- mixed 
amorphous ir~ oxide-detrital facies~ C- basal amorphous i ron-manganese 
oxi des. (after Bostrom and Peterson 1969, and von der Borch and Rex, 1970). 
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FlG. 2. 3 Chemical distinction between recent hydrothennal and 
hydrogenous ferromanganese deposits on the basis of Fe/Mn/(Cu+Ni +Co) 
~nd U/Th ratios (after Bonatti et al . , 1972) 
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transported out of the ~ctive spreading zone as a resul t o f sea floor 
spreading. Dymond~· (1973) reviewed t~e chemi s try of metal l iferous 
sedir~ents fr(Jll the Eas t Pacific Rise, Bauer Oeep and basal cores at a 
number of DSDP sites and concluded that similarities in thei r disti nct i ve· 
chemical, mineralogical and isotopic compos itions pointed to a coomon 
origin. These characteri st ics included a high trans ition meta l versus 
low Al content and predominance of goethite, iron-montmor ill onite and 
manganese hydroxides. They noted that i n all cases, while s ulfur, 
uranium and oxygen isotope compositions are consistent with fonnation 
from sea water at low temperatures and Sr i s otope compos i ti on and REE 
patterns 11re similar t o sea water, lead i sotope cor11pu~it i on s resemble 
that of mid-g_cean ridge tholeiitic basalts . They affirmed t hat t he 
chemi s try of the deposits is best e xpl ained by thei r preci pi t ation f rom 
vol cani c hydrothermal exhalations but noted t hat the mecha ni sm for 
enrichment of these fluids in t he firs t instan ce i s still un certain. 
The REE , Sr, U and sulfur are thought to originate in sea water and 
Fe, Mn, Si, and Pb are probably of magmatic or igin but the original 
source of other enriched elements i s still uncertain (Dymond et al. , 1973). 
Me t all i ferous sediments associated with thermal brines in the 
Red Sea have been described by Mi l ler et al. (1966), Bischoff (1969) and 
Bignell et al. (1976) among others. These sediments are highly enri ched 
in Fe, Mn\ Zn, Cu, Cd, Pb and Hg (Miller et a 1., 1966) and show cons iderable 
vertica] and lateral variability (Bischoff, 1969; Bignell et al:, 1976) . 
Bischoff (1969) de-scribed sediments from the Atlantis II, Dis covery and 
Chain deeps and suggested that hot metal-r i ch brines were being d is cha rged 
• 
I 
t 
I 
! 
I 
• l 
- 24 -
t--------ATLANTISll DEEP-----... •of-1--siLL~ 
44° Brine ··~~4 
:. 51° B:in.·  r 1-~ 
~3~ 
. / \. 
FIG. 2. 4 Schematic representation of some mineral precipitation 
processes in the Atlantis II D~ep, Red Sea; 1 - ZnS and PbS precipi tate 
along cracks and fissures f rom cooling and release of metals from 
_ . .,. 
complexes; 2 -;Point of brine discharge; 3- ZnS precipitates due to 
cooling and r e lease of metals from complexes; 4 - CaS04 precipitates 
d-ue to mixing; Fe2+, Fe3\ ; 8o20 (0H) 4 .nH2o precipitates due to part ial 
oxidation i'\nd cooling; 5- Fe(OH) 3 preci pitates due t o ox idation (after 
Bischoff, 1969). 
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into the Atlantis II Deep where precipitation of the sediments due to 
cooling and mixing of the brines with Red Sea water occurred (Fig. 2.4). 
Craig (1969) suggested that the brines were composed of recirculated 
Red Sea water which had been heated and enriched in soluble components 
during passage through the subsurface. Bignell et al. ( 1976) described 
sediments from bll"ine pools discovered subsequent to Bischoff's work 
and, noti119 the similarity of these sed i ments to the pr:eviously 
discussed deposits in the Pacific Ocean, suggested a similar origin 
for the Red Sea and Pacific Deposits . 
2 . 3.3 Recent Deposits Related to Vo l canism at Consuming Plate 
Mar ins 
Highly ferruginous and/or manganiferous sediments enr_tched in 
..____ 
a numbe r of metals and associated with post-volcanic fumarolic activity, 
at or near consuming plate margins have been documented from a number of 
areas including Indonesia (Zelenov, 1964), the Me~i~rranean (Pushkina. 
1967; Butuzova, 1966; Bonatti et al., 1972; Puchelt, 1973), and New Britain, 
T.P.N.G. (Ferguson and Lambert, 1972; Ferguson et al., 1973). The na t ure 
of these deposits is briefly described below . 
The composition of thennal waters and asso ciated chemical 
precipitates at the submarine Banu Wuhu volcano, Indonesia, an andesite-
dacite dome witll a history of recent eruptions, was examined by Zelenov 
(1964). He observed that around the margins of the volcano, jets of hot 
water were being discharged into sea water and that iron and manganese 
hydroxides could be seen precipitating in the water column adjacent to 
these springs . In addition the thennal waters were found to be enriched in 
silica relative to sea water. Encrustaqons on boulders prox imal to the 
' 
' ~ 
' 
' t I 
• 
- 26 -
springs were found to carry up to 40% Fe and 7% Mn and to be enriched 
in V, Sr, Mo, Cu, Zn, Ba, Ni, Co, Zr:, Pb, S~ Ge, Ga, Y and Yb in amounts 
comparable to pelagic mang nese nodules. 
between 900 and 9000 tons f suspended Fe 
Zelenov~-f964) estimated that 
and ~/~as introduced into 
the ocean each year by fumarolic activity at this volcano. 
Detailed studies of thermal waters and their deposits resu)ting 
from pos t-volcani c fumarolic activity on the island of New Bri t ain have 
' 
been reported by Ferguson and Lambert (1972) and Ferguson et al. (1973). 
Analysis of thennal waters at Matup i Harbour by Ferguson and Lambert (1972 ) 
s howed them to be hot, acid and slightly to highly ox i dizing and to be 
.. 
s ignificantly enr iched in Fe,Mn, Zn, Cu, Pb and As and deple t ed in mos t 
salts relative to sea water. Precipitates around these springs ccmnonly 
consist of dominantly amorphous iron oxide wi th sporadic crystalline 
goethite carrying Mn, Zn, Cu and Pb . They appea r to result from the cooling 
of the hot solutions coupled with increasing pH and Eh due to mixing of 
the brines with sea water. Mn tends 'to increase in concentration relative 
j:C"'{__e away from the springs. Ferguson and Lambert (1972) noted that 
S04/Cl, Br/C l, and B/Cl ratios in the thennal waters differed little fran 
those of average sea water and suggested that the the rmal water originated 
as sea water and became enriched in metals through subsurface leaching of 
volcanic rods. The role of the environment in determining the nature of 
sediments resulting from fumarolic activity i s illustrated by the deposits 
at Talasea, New Britain where exhalations similar tQ those at Matupi 
Harbour are being discharged into a reducing environment producing sedimen t s 
dominated by iron sulfides (Ferguson et al., 1973). 
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Fumarolic a ivi ')and chemical sedimentation associated wi th 
recent volcanism i the Mediterranean area has been reported from 
Stromboli, Italy 
Greece (Pushkina, 
1973) and from the Santorini Islands, 
1966 ; Bonatti'et al., 1972; Puchelt, 1973; 
In the former area, sediments enriched in Fe, Mn, 
and Si (opal) and depl~ted in A1 and Ti were recovered from the flanks of 
the Stromboli volcano )lthough no presently act ive fumaroles were seen 
(Bonatti et al., 19-}1). In the latter area, Pushkina (1967) analyzed 
{ 
the waters proxima~ to thennal springs on the i sland of Nea Kameni, and 
found that while ~ey were significantly enriched in Fe, Mn, Si and P, 
the principal c~on and anion composition of t he water was not no t iceably 
affected. 
I 
She fll.rther noted that the waters tended to be slightly acidic 
nea r t he springs but that the pH as well as the element concentrations 
tended to normalize away from the spring towards the mouth of the bay. 
Sediments being fonned from tnese solutions are rich in Fe (mainly f erric 
hydroxide gel) ,.,J'f\ and Si, and a gradual decrease in the F.e/Mn ratio 
towards the periphery of the basin was noted by Butuzova (1966) who 
ascribed this feature to the decreasing relative solubility of Mn with 
increasing pH. Silica in the sediments is dominantly opalline and is 
ascribed by Butuzova (19~) to biogenic precioitation. 
2 . 3. 4 Su11111ary 
The features of the origin and occur rence of iron-rich and 
ferruginous sedimentary rocks rel ev~nt to the present study as revealed 
-
from ancient and modem deposits can be suniTiarized as fol]ows; 
i 
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1) Highly ferruginous. rapidly accumulating deposits in 
active volcanic terrains result from the fumarolic discharge of iron-rich 
thermal waters and subsequent precipitation of the iron in the submarine 
• en\lironrnent. Significant contributions may also be made by the weathering 
of land masses in a hum"1d, tropical to subtropical environment. 
2) The thermal waters are dominantly composed of recirculated 
sea water which has b~en heated and enriched in metals via leaching in 
the subsurface . 
3) The initial precipitation of ferric hydroxides may take 
place in the water column . The final form and mineralogy of the 
ferruginous deposit is dependent on Eh and pH conditions during diagenesis. 
4) These processes are operative in any area characterized by. 
high heat flow,, i.e. at both spreading and consuming plate margins. 
2.4 Chemical Sedimentation i n Ancient Island Arc Regimes 
Algoma-type .iron formation and associated sedimentary rocks 
are found in Archean greenstone belts around the world (see re\liew papers 
by Goodwin, Bayley. James. Beukes, Von Dorr. Trendall and Alexandrov 
.!l!_ James and Sims • . 1973) and apparently reached their greatest abundance 
at this time (Gross, 1965). It has been suggested that the closest modern 
analogues to Archean greenstone b~lts. on the basis of volcanic lithologies, 
associated sed;mentary rocks, and general tectoni' environment, are the 
island arc regimes (Goodwin and R1dler, 1970; Goodwin, l973a), but as yet 
there is no agreement as to whether similar tectoni c processes were operative 
during their formation (e.g. Sutton and Bridaewater, 1974).· The chemical 
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sedimentary association of the greenstone belts is more abundant than 
is its counterpart in the Phanerozoic island arcs but the two are very 
similar in many respects. The essential features of the Archean deposits 
as compared to the sedimentary association studied during the present 
project (see also Chap. 3) can be summarized as follows: 
1) 'Single deposits in the Archean range, from centimeters to 
many tens of meters in thickness and are typically lenticular and 
discontinuous. The present deposits are of similar physical form while 
commonly not attaining as great a maximum thickness. 
2) The Archean stratigraphic assemblages are heterogeneous, 
" typically containing fnterbanded ferruginous chert and hematite or 
magnetite associated with various volcanic rocks, greywacke, ferruginous 
and/or siliceous shale and tuff (Gross, 1965) as shown by Fig. 2.5 
(after Beukes, 1973). A similar association is present in the Upper 
Ordovician-Silurian volcanic succession of Central Newfoundland. 
3) The oxide facies ofirol\ formation, characterized by magnetite 
and lesser hamatite, is typically predominant in the Archean although minor 
amounts of the carbonate ar.d sulfide facies' are usually present (Goodwin, 
1952, 1973). In the Central Newfoundland succession, only the oxide facies 
is developed and this is characterized by hematite rather than magnetite 
suggesting that these sediments we~ deposited in a more oxidizing environment 
than their Archean counterparts. 
4) Archean iron fonnation is commonly associated with andesite/ j 
i dacite pyroclastic domes interpreted.,(o reflect volcanic centers (Goodwin, 
1962; Ridler, 1970; Hutchinson et al., 1971; Fig. 2. 6). A similar sHuation 
prevails, although on a smaller scale, in the depositional basin of the 
• 
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Gullbridge ferruginous :hert and the abundance of silicic pyroclastic 
rocks in the Fortune Harbour area is suggestive of a similar geologic 
setting. This association is not conmonly present i n the Roberts Arm 
area. 
The close as~ociati-on of Algoma-type iron fonnation and 
its re'hted sediments with volcanism has led most recent workers to 
1971). The ~xhalative components are generally considered to have 
' precipitated inorganically on the sea floorin response to changing Eh 
and pH conditions (Gross, 1965; Goo~in, 1973) which in turn reflect 
• 
the sedimentary basin configuration during deposition (represented 
schematically by the lateral extent of the various iron minerals in 
Fig. 2.6). There is s001e recent evidence to suggest that biogenic 
precipitation of silica may have occurred as well (l:aBarge, 1973). 
In the Phanerozoic,· chert and ferrugihou~ sediments are 
generally considered to be typical of ophiolite rather than island arc 
·regimes (e:g . Grunau, 1965; Garrison, 1974), a fact that is generally 
explaine~ ry the assumption that extensive clastic sedimentation and 
''olcanism arrbund an active arc (Dickenson, 1974) would tend to dilute the 
more slowly deposited chemical sediments beyond recognition (Garrison. 1974). 
Kanmera (1974) noted that in the Paleozoic volcanic s~uences of Japan, chert 
is rare in the Silurian-Devoni~n active arc sequence but becomes extensive 
in the alkalic and tholeiitic Carboniferous to Permian sequence which is 
interpreted by him to represent a marginal basin (spreading) envirornnent. 
• 
I , 
l 
I 
- 32 -
OollliCII different I ltN ltn• OUI compte• 
Subllllint b lOin 
,--.,.? 
/
MAFIC' 
? INTRUSION \ 
/ 1 
Trough- aed imentlt ion 
Molllle Eon• 
BASEWENT? 
Shelf •edlmen t •tlon 
Stabl• aone 
FIG. 2.6 Archean tectonostratigraphic relations in the Abitibi belt. · 
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FIG. 2.7 Hypothetical areas of pelagic sedimentation in an island 
arc regime. A - pelagic sediment. B- volcaniclastic aprons . 
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Mention of chert and ferruginous sedimentary ~cks in 
.. 
the Phanerozoic island arc sequences is commonly restricted to those 
horizons spatially related to sulfid~ deposition. Perhaps one of the 
most intensely studiedofthese is the Lower OrdoYician iron fonnation 
which overlies the massiv.e sulfide deposits in the Bathurst, New 
Brunswick area (McAllister, 1960; Da~ies. 1972; Whitehead, 1973). 
These units commonly include a hematite-chert oxide facies apparently 
similar to that deYeloped in the present study area but which, in 
contrast to the Central Newfoundland deposits, can often be traced for 
considerable distances along strike. The New Brunswick ferruginous deposits 
-1-
are conmoniy magnetite-bearing 1n the oxide facies, and are locally 
developed in the silicate, carbonate and su l fide facies (Davies, 1972). 
Most recent worl.~ers link the iron fonnation to fumarolic activity which 
is seen as having been responsible for deposition of both the iron 
formation and the underlying sulfide deposits in topographi c depressions 
on the sea floor {McAllister, 1960; Whitehead, 1973; Davies, 1972). 
~ The author is not aware of any comprehensive survey of chemica 1 
sedimentation in a complete island arc sequence. Garrison (1974) has 
summarized the types of pelagic sediments expected around an island arc 
noting that these would be typic.ally small, lenticular, scattered and 
interbedded with thick yolcanic sequences and would be most abundant in 
the more detritus-free settings such as inter ar.c basins or the tops of 
remanent arc ridges (Fig . 2.7). 
• 
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CHAPTER 3 
GE~ERAL GEOLOGY 
3.1 Introduction 
This chapter describes the local geology in each of the three 
areas studied and places them in their reg i onal geological and tectonic 
framewo'rk. Because of the considerable amount of relatively local' 
geologic work conducted in Central Newfoundland in the pas t, a serious 
problem of nomenclature has arisen which has hampered attemp-ts to 
correlate units over any distance. Thus, this chapter will proceed from 
the specific to the general, first describing the local geology and 
history of the Roberts Arm, Fortune Harbour and Gull Pond areas 
separately and noting ·attempts at correlation. of the units involved in 
the present study (Fig. 3. 2), followed by a description of their presentl y 
interpreted tectonic setting . 
-3.2 Roberts Arm Area 
3.2. 1 Previous Work 
The earliest geological studies in the Roberts Arm area were 
carried out by Alexander Murray and James Howley (1881, 1918} as part of 
thei r comprehensive study of insular Newfoundland . Murray, influenced by 
the work of Sir William Logan, assigned the volcanic and sedimentary rocks 
, 
in this area to th·e "Quebec Group". Detailed maps were prepared but 
later destroyed by fire in the Crown Lands office, St. John's. 
'\~· Regional mapping was undertaken in Notre Dame Bay by the 
Prine ton University Geological Expeditions to Newfoundland of 1915, 191~ 
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and 1919. Result s of particular relevance to this study we r e repor ted t\ 
by Sampson (1923) from hi s study of the ferruginous cherts of Notre 
Dame Bay who noted the similarity between the geology of centr al 
Newfoundland and parts of Great Britain and as s igned Cambrian(? ) and 
Ordovician ages to the volcanic and sedime ntary rocks he found . 
Probably the most significant earl y con t ri bution to the 
understanding of Western Notre Dame Bay stra t igraphy wa s made by 
Espenshade ( 1937) as a re s ult of his mappi ng of t he coastl i ne and 
adjacent is l an ds between Burnt Heat on the west and Wi ld Bi ght on t he 
east (see Fi g. 1.2). He was the first to recognize the fundamental 
structural break marked by the Lobster Cove fault and named the two 
distinct sequences separated by it the " Pi l ley' s Se r ies " and t he 
"Badger Bay Series" to the nor t h and south respectively . Espenshilde 
assigned a probable Ordovician age to both series but noted that thei r 
relative ages were uncertain. He coined the name " Roberts Ann Volcani cs" 
for the uppennost unit of th~ Badger Bay Series and divided the under-
lying sediments into several fonnation s (Fig. 3.1) . 
The f i rst geological map to include the complete Roberts Ann 
study area was produced by H~yes (195 1) who extended Es penshade's work 
inland to the south. He demonstrated the southward continu i ty of ~ 
Espenshade' s coastal stratigraphy but was much impressed by the 1 i thologi c 
t 
similarity of the "Badger Bay Series" with strata mapped by Heyl (1936) 
in the Bay of Exploits. Reasoning that Heyl' s nomenclature should stand 
because of precedence, he .renamed much of the strati graphy according to 
the 1 a-lter's work. 
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Williams' (1962,1964) geologic compilati011 of t1'1e Botwood 
map sheet at a scale of 1" = 4mi. was the first attempt to put the 
Roberts Ann area into a regional p.erspective. ln the 1962 work, 
Williams considered the whole of Espenshade's Badger Bay Series to 
be correlative with Heyl 's (1936) Exploits Group but in the later 
edition (1964), he redefined the Exploits Group to include only the 
dominantly sedimentary sequence overlying the Wild Bight Group and 
underlying Espenshade 1 s Crescent Lake Fonnation. The Crescent Lake 
Fonnation and the Roberts Ann Volcanics were combined to fonn the 
Roberts Ann Grouo. 
Detailed (unpublished) mapping at 1" = l/4 mi. by Noranda 
Mines s taff (1971) further clarified th.e distribution of lithologies 
within the Roberts Ann Group and clearly indicated the relative 
concentration of felsic volcanics and economic minera li zat i on at the 
top f the sequence . 
Recent mapping by Bostock (1975, 1976) has further refined 
etailed distribution of lithologies in the Roberts Ann area while 
the general stratigraphy presented by :Jrevious w<>rkers. 
Detailed mapping and geochemical studies within the Robe'rts 
by Strong (1973. 1975) has outlined the geochemical nature of 
t~ Roberts Ann Vo 1 cani cs and this wi 11 be further descr i bed i n a \ 
subsequent section. 
Dean and Strong (1975, 1976), on the basts of regional 
correlations across Notre Dame Bay, redefined the Roberts Arm Group to 
include the basal Sops Head Complex comprising intercalated mafic volcanic 
rocks, greywacke and shale previously assigned to the upper Burton's J.fe~d 
Fonnation of the Exploits Group (Fig. 3.2). 
·'.___/ 
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3.2.2 General Geology 
J ' 
The Roberts Ann Group i~ divisible into three units, the 
basal Sops Head Complex, the Crescent Lake Fonnation and t he uppermost 
,, 
Roberts Ann Volcanics (Dean and Stroflg, 1976). It is underlain, in 
p~::J9Monnably, by the Exploits Group, a thick succession of 
turbidites, marine shale, chert and minor mafic flows. 
The Sops Head Complex consists of mafic flow rocks inter-
calated wit., greywacke and shale. Volcanic ro'cks are relatively rare 
at the base of the sequence but tend to increase in abundance with 
increasing stratigraphic level (Dean and Strong, 1976}. 
The Crescent Lake Formation comprises a reliltively defonned 
sequence of interbedded red and green chert, red siltstone and shale and 
acid tuff possibly up to 170 meters thick (Hayes, 1951) . The overlying 
Roberts Ann Volcanics consist of a suite of basaltic and dacitic flows 
and pyroclastics which are chemically bimoda l hut of calc-alkaline 
affinity (Strong, 1973) and include vesicular lavas, massive and pi llowed 
flows, volcanic breccia, massive silicic flows and fine to coarse grained 
pyroclastic rocks . The lower portions of the volcanic pile are d001inantly 
pillowed and (Tlassive flows with intercalated red siltstone and chert 
similar to the chscent Lake Fonnation l ithologies. The upper portion of 
the sequence contains a higher proportion of silicic flows and p~roclastic 
rocks, the distribution of which suggests that at least two centers of 
explosive silicic volcanism, located in Sunday Cove west of Pi lley's 
Island and in Halls Bay west of Burnt Head, were active during late 
Roberts Ann time (Bostock, 1975). Locally, the volcanic pile is 
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\~ unconfonnably overlain by the Springdale Group consisting in this area 
mainly of fluvatile red sandstones and conglomerate of probable 
Sil1,1rian age (Neale & Nash, 1963). 
The northern boundary of the Roberts Ann Group is marked 
by the Lobster Cove fault, interpreted to be a major thrust of probable 
upper S i 1 uri an age (Dean .and Strong, 197 5). Rocks iiTITiedi ate ly north of 
this fault, assigned to the lushs Bight Group (Espenshade's "Pilleys 
Series"), are mainly massive and pillowed basalts and diabase dykes of 
oceanic tholeiite affinity thought to represent Lower Ordovician ocean 
crust (Smitheringale, 1972; Strong. 1973). 
The Roberts Arm Group is i n_truded sou the as t of W~~ord' s · I . (\ 
Ann by the Woodford's Ann granite pluton which may be consangui nous with 
the silicic volcani.!: rocks in the upper part of the volcanic pile 
(Espenshade, 1937; Bostock, 1975). Further west, the Mansfield Cove 
granodiorite is in fault contact with the volcanic rocks and its relative 
age is uncertain (Bostock, 1975). 
The structure within the Roberts Ann Group is relatively 
uncomplicated. The beds are typically steep to vertically dipping and, 
at least in the upper two-thirds of the sequence, north-facing. Minor 
exceptions are present on Haywards Head where south-facing pillows may 
be due to local faulting (Bostock. 1975). South of Crescent Lake. the 
less competent Crescent Lake Formation has been folded into a series of 
northeast to north-trending folds (Hayes, 1951) which appear to repeat 
the stratigraphy and allow the Crescent Lake Fonnation to be exposed in 
the eo res of anticlines. 
·- - - - -- .. . . L ... 
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A fault system which may b~ of some stratigraphic 
importance, cuts the approximate center of the volcanic section. 
This fault trends at a small angle to the stratigraphy northeast 
into Woodford's Ann where it .fonns part of the southern boundary of 
the Woodford's Ann pluton. From Woodford's Ann, it swings (or 
branches) eastward emerging on the coast in Stag Cove. It has not 
proved possible to correlate stratigraphy across this fault and the 
exten..t to which it may interrupt (or repeat) the succession is not 
_) . 
known. 
3.3.3 Occurr~nce of Chert and Ferruginous Sediments in 
The Roberts Arm Area 
Chert, ferruginous chert and iron-rich sedimentary rocks 
commonly associated with siliceous and ferruginous siltstone, shale, 
greywacke. tuff and mafic flow rocks are present in minor amounts 
throughout the Roberts Ann Group. T~ey are conmon ly various shades 
of red and green with sporadic black. white and light brown varieties 
being found. They are usually colour-laminated with tndividual laminae 
ranging from less than 1 millimeter to several centimeters. 
Ferruginous chert is widespread within the Crescent Lake 
Formation and is commonly well-bedded and intercalated with red 
siltstone and silicic tuff (Plate 3.1). This chert· is typically red 
although rare green varieties are scmetimes seen. There appears to 
be a canplete gradation between relatively pure red chert and red 
siltstone with an abundanceofintennediate varieties consisting of 
ferruginous chert diluted by clastic and/or tuffaceous material. 
·· · -.;-, ---· 
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PLATE 3. l Red ferruginous chert interbedded witn silicic tuff. 
and tuffaceous greywacke in the Crescent Lake Formation. 
PLATE 3.2 Red chert surrounding mafic pillows in the Roberts Arm Volcanics. 
• 
• ,I 
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In the lCY«er regions of the Arm Volcanics. chert 
and ferruginous sediments are typically occurr1ng in thin. 
1 aterally .Ci scontinuous lenses. often intercalated with red 
siltstone, greywacke and near the base of the volcanic 
sequence,and in some stratigraphically higher regions occasionally lie 
directly on top of pillow lavas. Rare, narrow (up to 30 an) beds of 
.. 
massive hematite are present and occasional sole markings and minor 
slump features are the only sedimentary structures vif;ible in outcrop. 
Higher in the vo 1 ca.ni c sequence. particularly north of 
the Woodford's Arm-Stag Cove fault system. chert and ferruginous 
sediments less cOITlllonly form coherent beds. Abundant chert occurs 
marginal to pillows where it may completely surround individual pillows 
or more typically occur in pods filling openings at pillow junctions 
(Plate 3.2). Rarely, convolute, thin lenses and pods of red chert are 
found within the pillows themselves and around the pillow margins. 
chaotic fine 1 ami nations and i rregu 1 ar wispy fragments suggesting 
soft-sediment brecciation are often present. 
Veining by calcite, epidote and quartz is present sporadically 
in the sediments throughout the volcanic sequence and rare grains of pyrite 
and chalcopyrite are seen. 
3. 3 Fortune Harbour Are a 
3.3. 1 Pnevious Work 
The earliest work in the fortune Harbour area, as in the 
. 
Roberts Arm area, was carried out by Murray and Howley (1881, 1918) and 
by the Princeton Univ~rsity Geological Expeditions to Newfoundland. 
• 
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Geologists from Princeton University returned to Notre 
Dame ~ay in the 1930's and Heyl {1936) mapped the eastern part of the 
Fortune Harbour peninsula during ·his study of the geology of the Bay 
of Exploits·. He presented an interpretation of the Ordovician-Silurian 
stratigraphy in this area and coined the tenn Exploits Series to define 
a thick sequence of volcanic and sedimentary rocks which included those 
of the present study. 
The area was ' included in Williams' (1962, 1964) compilations 
of the Bo.twood map sheet at 1" = l/4 mi. In the final (1964) version, 
he postulated a major break, the Lukes Ann fault, running ESE from 
Southeast Arm to Muddy Hole and, by inference, correlated all volcanic 
and sedimentary rocks north of this fault with Espenshade's (1937) 
"Pilleys Series" to thi west. Because of the inclusion of units directly 
south of the faul't in the Exploits Group, this precluded the presence 
of Roberts Arm Group equivalents in this area. 
The first detailed map of the Fortune Harbour peninsula was 
produced by Helwig (1967) who supported Williams' (1964) implied 
correlation of the Lukes Arm and Lobster Cove faults and assigned all 
rocks north of this fault at Fortune Harbour to the Lushs Bight Group. 
Remapping of the northern part of the peninsula was carried 
out by Dean {1973), who recognized that the major break separating the 
Lushs Bight Group from younger vo 1 cani c rocks was, contrary to prevf ous 
though~, considerably north of the Lu~es Ann fault. He correlated this 
break with the Chanceport fault previously i entified on New World Island 
to the.east (,Strong and Payne, 1973} and Espenshade's (1937) Lobster 
.· 
- 46 -
Cove fault to the west. He named the volcanic sequence north of this 
fault the "Moreton's Harbour Group" (after Strong and Payne, 1973) and 
the volcano-sedimentary sequence south of it, the Cottrell's Cove Group. 
which he suggested was a lithologic and probably a time equivalent of 
the Roberts Arm Group to the west and Strong and Payne's (1973) Chanceport 
I 
Group to the east. This interpretation of the stratigraphy .and 
correl~tions in this part of Notre Dame Bay provided the incentive to 
incl~de the Fortune Harbour area in the present study. 
3.3.2 General Geology 
Previous workers in the area have proposed a varied 
nomenclature based on their interpretation of the geologic relations. 
The present study accepts the interpretation of Dean (1973) and further 
refined by Dean and Strong (1976) and the nomenclature used herein is 
based on the latter work (Fig. 3.1). 
The Cottrell's Cove Group encompasses the Upper Ordovician-
Siiurian volcano-sedimenta~·sequence on the Fortune Harbour Peninsula 
comprising in ascending stratigraphic order the Boones Point Complex, 
the Moores Cove Formation and the Fortune Harbour Formation. 
The present study was carried out within the ,Fortune Harbour 
Formation which is similar jn stratigraphy to the Roberts Arm Volcanics 
and conformably overlies th~ Moore's Cove Fonnat ion, a sequence of 
tuffaceous greywackes correlative with similar strata at ·the base of 
the Roberts Anm Group. At the base of the volcanic sequence, a relatively 
thin (approximately 2Q.m) unit of intercalated red and green chert~ ted 
siltstone and silicic tuff is exposed in North Harbour and in Rowsells 
-
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Cove. The lower part of the volcanic succession comprises up to 
2000 meters of main1ymaficpillow lava and volcanic breccia, locally 
containing minor interbeds of chert and siltstone. Within the upper 
Fortune Harbour Fonnation, there is a distinct member of coarse to 
fine silicic pyroclastics and porphyritic flows interbedded with red 
and green, chert which reaches a maximum thickness of 100.0 meters in 
the Fortune Harbour area. This unit and its equivalents in the Bay 
of Exploits were previously designated the "Fortune tuffs and cherts" 
by Heyl (1936). The ·silicic tuff and chert member is overlain by a 
thin mafic pillow lava unit near Fleury Bight but to the southeast. 
the Chanceport Fault cuts it and the o~erlying units are not seen. 
Chemical analysis of volcanic rocks in the Fortune Harbour ~nnation 
s~ow them to be of calc-alkaline affinity and comparable to those of 
tbe Roberts Ann Gro~p (Strong, ·1975). 
The Fortune Harbour Formation is intruded by minor 
~ 
concordant gabbroic and diabasic sills, mainly within the silicic 
member, and later lamprophyre dykes of probable late Cretaceous age 
(Wanless et al.~ 1965). 
The Cottrell's Cove Group is consistently steeply dipping 
and north- to northeast-facing, and~ere appears to be a continuous 
stratigraphic section prese~t between Muddy Hole and the Chanceport 
fault. Minor folds are 'occasionally seen Of outcrop scale, but they 
do not appear to significantly repeat the stratigraphy. 
t 
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3.3.3 Occurrence of Chert and Ferruginous Sediments 
in th~ Fortune Harbour Formation 
Chert is present throughout the Fortune Harbour Formation, 
but not as widespread as within the Roberts Ann Group. Red chert is 
occasionally found in the interstices "between pillows in the mafic. 
flows but is more coomonly seen as thin, confonnable lenses between 
flows and as fragmeQts in volcanic breccia. Occasional relatively 
thf ck (greater than 10 meters) sections of re,d, green and w·hite chert 
{nterbedded with red siltstone, shale and silicic tuff an: found, the 
most prominent of which occurs in Rowsell's Cove very near the base of 
the Fort.une Harbour Formation where more than 20 meters of red and 
~ ' ' 
green chert intercalated with silicic tuff is exposed in a series of 
tight isoclines. 
Chert is, considerably more cOIIITlon in the silicic volcanic 
member where beds of red, green and white chert are typically interbedded 
with fine to coarse pyroflastic rocks, and chert fragments are COI'flll~n in 
the volcanic breccia. 
Near the south end of Fortune Harbour and adjacent to the 
Chanceport f~ult,red chert occurs intimately associated with bedded 
'manganese oxides. The deposit was mined in the early twentieth century 
. 
and is now rather poorly exposed in a series of old pits. It.appears 
to be in excess of 7 meters thick and can be traced along strike for 
more than 85 meters. 
I 
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3.4 Gull Pond Area 
3.4. 1 Previous Work 
Copper mineralization has been known in the Gull Pond 
area since the early 1900's, and much of the early geological work 
in t his area was connected with exploration. The first geologica l 
map of the area was prepared at a scale of 1" .= 400 ft . by A. c_ Bray 
of the Great Gull Copper Company in 1929. Exploration was carried 
out intennittently through the early part of the century and a SLITIMry 
of known geology was presented by Douglas et ·al. (1940) as part of a 
survey of Newfoundland .copper deposits .• 
Kalliokoski (1951) produced a preliminary map of the Gull 
Pond area at a scale of 1" = 1 mi . and a more refined version of this 
map with marginal notes was publisHed three years later (Kalliokoski, 
1955) . He adopted the tenns "Roberts Ann Fomation" and "Crescent 
Lake Formation" for the volcanic and underlying tuffaceous sediments 
respectively and "Badger Bay Series" for the Ordovician sequence as 
a whole, suggesting their correlations with those mapped by Espenshade 
(1937) further north. 
The area was included in the Geological Survey of Canada 
1" = 4 mi. compi 1 ati on map of the Sandy Lake sheet prepared by Neale and 
Nash (1963) who renamed Kalliokoski 's "Badger Bay Series " the "Exploits 
Group" after the useage· of Heyl (1936) and wnliams (1962). 
The subdivisfon of the Exploits Group by Wilhams (1964) has 
never formally been extended to this area b~t has been used by Upadhyay 
and Smitheringale (1972), Noranda Mines Staff (1971) and Dean (1974) and 
is thus retained in the present work. 
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Considerable knowledge of the geology of the immediate 
mine area has been acquired as a result of extensive diamond drilling 
and underground mapping shortly before a.nd during production from 1967 
to 1971. Much of this infonnation was compiled by the Gullbridge Mines 
Staff (K. Newman, ch i ef geologist) and is available on mine plans and 
sections. A study of the underground geology of the Gullbridge deposit 
was done by Upadhyay (1970) and certain aspects of this work were lat!'"r 
published by Upadhyay and Smitheringale (1972). 
During the summer of 1975, the entire Gullbridge Mines Ltd. 
property was remapped at a scale of l" "' 400 ft. by the author (Swinden, 
1975) . 
3.4.2 General Geology 
• 
The Roberts Arm Volcanics in this area attatn a maximum 
thickness of approximately *500 meters north of Dawes Pond but average 
less than 3000 meters. They conformably and gradational ly overlie the 
Crescent Lake Formation which, unlike its type section at Cres cent Lake, 
consists mainly of siliceous, fine to medium grained tuffaceous clastic 
sediments and contains little if any red ferruginous siltstone or chert. 
Lenses of this lithology persist intermittently for up to 1000 meters 
into the overlying volcanic sequence (Swinderi, 1975) . 
The basal Roberts Arm Formation consists of from 600 to 900 
meters of dominantly mafic flows in which pillows are well preserved and 
top directions are to the west. West and south of Gull Pond, a thick 
pile of fine grained silicic tuff, massive rhyolite, ferruginous chert 
and volcanic breccia attains. a maximum thickness greater than 1500 meters . 
. . ,~- :-~-~ -~ r . 
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The major component of this unit is fine grained s ilicic 
tuff and sericite schist with massive rhyolitic flows being ·present 
in greatest abundance immediately west of the Gu l lbr i dg~ine and 
decreasing to the north and south. Coarse pyrocl:ai>t i c rocks are 
present locally but seldom are widespread enough t o form mappab le 
units. Towards the north end of Gull Pond, the rhyoli te sequence is ,., 
greatly attenuated into several narrow bands of dominantly fine to 
medium grained siliceous clastic sediments similar to Cres cent Lake 
Formation lithologies. 
The silicic member is everywhere overlain by a second 
mafic volcanic member comprising fine grained basaltic flows with 
minor interbedded tuff. 
Large intrusive bodies vi rtually surround the Gull Pond 
study area : The Twin Lakes Complex , a composite intrusion with phases 
ranging from granodiorite to gabbro in t rudes the volcanic sequ~nce fr001 
the west; The Topsai l s Granite, compris i ng mainly granite wi th minor 
granodiorite and 'quartz-diorite phases , is present to the west and a 
large circular granitic body . herein tenned the Dawes Pond pluton, 
intrudes the sequence to the south. Minor dykes and s ill s of feldspar 
and quartz-feldspar porphyry are locally common as are smal l di .abase 
to gabbro intrusions . 
The roc ks in the Gull Pond area are considerably more 
defonned than those in the other two areas studied. All tuff aceous 
rocks are highly schistose, with the foliation being axial planar to 
t i ght, upr ight isoclinal folds and trending N40°E with s teep dips 
.•. . : 
• 
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A well developed crenulation cleavage 
15 corrrnonly present trending slightly south of east, and kink bands 
are often enwuntered. Top directions in the vol canic sequence are 
scarce but those recorded are unifonnl y to the west and there is 
presently no evidence t o suggest major repetition of strata by folding 
in the area. 
A northe~st-trending fault set truncates the stratigraphy 
in the irrrnedi ate mine area, resulting in minor omissi on of units 
(Uoadhyay, 1970 ). A second fault set trends east to southeast and 
can be shown to have offset the strat i graphy up to several t~ns of 
meters. 
3.4.3 The Gullbridge and Southwest Shaft Copper Deposits 
The Gull bridge C?)Der deposit consists of dis sem inate d . 
and stringer pyrite and chalcopyrite mineralization occurring i n a 
cordierite-anthophyllite-chlorite alteration zone whi ch spans the 
uppennost 20 meters of the basal mafic pillow lava uni t and the lower 
50-70 meters of the ove r lying s i l icic tuff. The deposit has been 
des cribed in detail by Upadhyay (1970). Approxi mately 3 mi llion tons 
of ore averaging less than 1 ~ copper were mined from 1967 to 1971. 
The ore-bear ing alteration zone, which can be traced south 
of the orebody for at l east 5000 meters along strike, is roughly 
conformable with local stratigraphy and is typified away from t he mine 
by a pyrite-chlorite-sericite-(cordierite) as semblage . Units within 
the alteration zone are ccmmonly bedded, highly defo nned and corrmonly 
contain di screte beds of gossan after pyrite. Pyrrhotite, magnetite 
and mi nor chalcopyrite are common const i tuents near t he mi ne. 
, 
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A second deposit known as the Southwest Shaft deposit, occurs 
at approximately the same stratigraphic level 1400 meters southwest of 
the main ore zone. A prominent, dominantly pyritic gossan crops out 
here and a shaft was sunk on it i n the late 1920's to a depth of about 
27 meters. The host rock is probably a metabasalt, highly altel'"~d to 
cordierite and anthophyllite and containing abundant disseminated and 
stringer chalcopyrite and pyrite. Locally intense alteration and 
defonnation considerably complicates the detailed stratigraphy here 
(D. Germ1ell, pers. comm . , 1974) but this zone has b-een shown geophysically 
to be laterally equivalent the main ore zone (Gullbridge Mines Staff. 
unpub. data) and is unquestionably stratigraphically equivalent to the 
main ore de)_~ it. 
Upadhyay and Smitheringale ( 1972) considered the Gullbridge 
deposit to be of volcanogenic origin, suggesting that fumarol i c· fluids 
were initially responsible for the magnesium alteration and sulfide 
deposition in a zone which was later metamorphosed to its present form. 
They noted the stratigraphic relationship between the main ore zone and 
the Southwest Shaft deposit. implying that the latter zone also represen t s 
a zone of intense fumarolic activity. 
3.4. 4 Occurrence of Ferruginous Chert and Iron Ri ch 
Sediments in the Gull Pond Area 
Chert and ferruginous sediments occur in a remarkably 
continuous horizon overlying and extending considerably beyond the 
Gullbridge orebody and the Southwest Shaft deposit (the "Gullbridge 
ferruginous chert"). This unit cOITillonly comprises several beds of 
I 
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PLATE 3.3 Thin beds of the Gullbridge ferruginous chert interbedded 
with silicic tuff approximately 300m south of the Gullbridge ore 
body. 
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ferruginous (and sometimes tuffaceous) chert separated from each 
other by up to three meters of fine to medium grained silicic tuff. 
It is present stratigraphically above both the Gullbridge orebody 
and the Southwest Shaft deposit, generally 10 to 50 meters above the 
ore ~or\zon, and appears to be laterally contin~ous paralleling the 
alteration zone between these deposits. The individual cherty beds 
tend to be relatively thin (less than 20 em) and widely separated by 
tuffaceous material immediately above the mineralization {Plate 3.3}, 
although about 120 meters north of the Southwest shaft, the individual 
beds are up to 15 mete~s wide and tuff. 
In this latter area, the chert is c capped 
interbanded hematite and magneti 
North of the Gullbridge mine, the chert horizon 
under the lake and upon iis reappearance at the north end of Gull Pond, 
it is considerably more discontinuous, cropping out only sporadically. 
Individual beds seldom exceed 30 ern and the total thickness is generally 
less than lO·meters. Tuff interbedded with the chert here tends to be 
coarser grained than that to the south, sometimes contains rounded 
quartz and rhyolite grains, and displays graded bedding and slump 
f~atures. Narrow beds of ferruginous chert are occasionally broken up 
and the pieces rotated and slumped into the underlying tuff (Plate 3.4 ). 
Explosive volcanism following lithification of the chert has produced 
coarse volcanic breccia with included fragments of this unit (Plate 3.5}. 
A second major continuous horizon of ferruginous chert is 
present south of Gull Pond at a basalt/rhyolite contact approximately 
• 
- I ~ I 
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PLATE 3.4 Broken beds of ferruginous chert (dark grey) slumped 
and rotated in a silicic tuff matrix. 
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PL ATE 3.5 Ferruginous chert fragments in a coarse volcanic breccia. 
Wh ite matrix surrounding the fragments is poorly-sorted silicic tuff. 
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500 meters.structurally below the mineralized zone . Its northern 
extremity is exposed immediately south of the southeast corner of 
Gull'Pond from where it can be traced for over 5300 meters south along 
strike. It is commonly 20 to 50 meters thick consisting of massive, 
red to deep purple, ·finely lam;_'n~ted fe·rruginous chert with relatively 
little interbedded tuffaceous m~terial~ The physical characteristics 
r 
of this unit change remarkably little along strike, ~lthough towards 
the south, tuffaceous comp~nents become more. coiTITlon, occasionally 
comprising up to 40% of the total thickness. There are no sulphides 
spatially associated with this horizon, nor is there any .evidence of 
alteration similar to that near the ore horizon. 
A number of smaller, discontinuous lenses of ferruginous 
chert are present throughout the volcanic sequence at Gull Pond 
commonly comprising one or more narrow .beds intercalated with silicic · 
and lesser mafic tuff. The basal contact is locally gradational with 
the first hints of reddish colour occurring 1n the tuff up to 50 ern 
below the first chert' bed. The beds are locally broken and slumped 
into underlying material and fragments .,sometimes occur in local 
volcanic breccia. 
3.5 Tectonic Setting of Notre Dame Bay 
The island of Newfoundland comprises the northeastern limit 
of the Appalachian orogen in North America. Early interpretation of 
this orogen in terms of geosynclinal theory viewed it as a one sided 
system bounded to the east by an older craton and to the west by an 
1 
• l 
.. 
J 
I 
•·: .. 1''. 
- 59 -
ocean basin (Dietz, 1963). Williams .. (1964a) was the first to recognize 
that the Appalachians in Newfoundl~nd are actually a two-sided 
symmetrical system and on this basis divided the island into three 
geological provinces represented by late Precambrian to early Paleozoic 
cratonic areas to the east and west respectively, s.eparated by a Lower 
to Middle Paleozoic mobile belt. 
Wilson's (1966} hypothesis that' the Atlantic Ocean opened 
and then closed again in Paleozoic times and the advent of plat~ 
tectonic theory enabled later workers to view Williams' (l964a) two-
sided symmetrical system in a new light. Bird and Dewey (l970)and . 
Dewey and Bird (1971) presented plate tectonic models for Central 
Newfoundland in which early Paleozoic opening of the Proto-Atl~ntic. 
Ocean was succeeded by closure in the Ordovician. The Western Platform 
was, in their view, the North American cootinental edge in pre-Ordovician 
times and the eugeosynclinal sequences of the Central Mobile Belt were 
built on oceanic crust in a series of margi~al ba~ins and island arcs 
above a lower-Middle Ordovician subduction zone. Stevens (1970) and 
Church and Stevens (1971) were the first to recognize that allochthonous 
layered ultramafic complexes on the Western Platform were in fact remnants 
of Lower Ordovician and earlier ocean floor which h~d been thrust over 
the platform during the closing of t~ Proto-Atlantic Ocean and they 
further suggested that pillow lavas of the Lushs Bight Terrain might also 
be ocean floor structurally emplaced along the lobster Cove Fault. 
Further evidence to support the first part of this view was presented by 
Smitheringale (1972) and Strong (1972, 1973) who showed the volcanic rocks 
of the Lushs Bight Terrain to be of oceanic tholeiite affinity. 
. \ 
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Kean (1973) was the first to describ~ an island arc 
assemblage in Notre Dame Bay in his study of the Cutwell Group on 
Long Islard. Strong and Payne {1973) interpreted the Moretons Harbour 
Group on the Moretons Harbour Peninsula to be of island arc origin 
and suggested that the structurally juxtaposed Chanceport Group was 
younger, possibly Upper Or,dovician to Silu:ian in age, implying its 
correlation with the Roberts Arm Group to the west. This interpretation 
was reinforced by Dean (1973), who extended the correlation to include 
the Cottrell~s Cove Group on the ·Fortune Harbour Peninsula. Strong 
(1973) showed that the volcanic rocks of the Rob~rts Arm Group are 
chemically of calc-alkaline affinity and later demonstrated their 
chemical similarity with volcanic rocks of the Cottrell's Cove and 
Chanceport Groups (Strong, 1975}. 
Dean and Strong (1975) proposed correlations of units across 
Notre Dame Bay (Fig. 3. l) and outlined the present interpretation of 
I 
the tectonic history of Notre Dame Bay which can be summarized as 
follows: 
1) Lower Paleozoic opening of the Proto-Atlantic Ocean 
resulted in the generation of oceanic crust until the Lower Ordovician. 
These rocks are presently preserved ~s the Lushs Bight Group and in 
the ophiolite allochthons of Western Newfoundland. 
2) Initiation of eastward subduction in the Lower O~dovi,ian 
• 
was accompanied by the c0111Tlencement of westward ophiolite emplacement 
and of island arc volcanism whereby a thick sequence of tholeiitic to 
calc-alkaline volcanic rocks and associated sediments was l aid down on 
~. 
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ocean crust (Cutwell, Western Arm, Moretons Harbour, Wild Bight and 
Summerford Groups). 
3) Final ophio)ite emplacement in western Newfoundland wa5 
accompanied by cessation of volcanic activity in the Middle Ordovician . 
Erosion of the island arc volcanic sequence resulted in extensive 
clastic sedimentation producing the Exploits Group shale-turbidite 
sequence. 
4} Resumption of ca.lc-alkali~e volcani sm in the Upper 
Ordovician-Silurian produc~d a basal sequence of interbedded ~olca?ic 
and sedimentary rocks, followed by the thick succession of mafic to 
acidic volcanic rocks and associated sediments of the ~oberts A~, 
Cottrell's Cove and Chanceport Groups. Eastward thinning of this 
sequence and the presence of ~ubstantial volumes of ~eywacke and 
shale in the Chanceport Group may indicate that th i s area approaches 
the distal end of the volcanism. 
5) Major uplift of the volcanic sequence above sea level, 
probably in the Silurian, was accompanied by deposition of terrestrial 
volcani c rocks and red beds of the Springdale and Botwood Groups 
unconfonnably to disconformably up on the marine succession . ' 
6) Thrusting from the northwest subsequent to deposit-ion 
of the Springdale Group juxtaposed the oceanic crust -early calc-alkaline 
volcan i c rocks and the upper Ordovici an-Silurian succession along the 
Lobster Cove- Chanceport fault system. 
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CHAPTER 4 
MINERALOGY AND PETROGRAPHY 
4. 1 Methods 
Thin sections were cut from 47 selected hand specimens of 
chert and ferruginous sedimentary rock~ in order to examine their 
minerdlogy and the nature of their sedimentary structures. [n addition, 
the principal minerals present in 20 selected samples, of which 8 were 
from the Roberts Ann area, 6 from the Fortune Harbour area .and 6 from 
the Gull Pond area, were identified by X-ray diffraction. Analysis 
was performed on randomly mounted, unseived whole rock powders, the 
preparation of which is described in Appendix B. 
This chapter deals principally with the mineralogy of the 
analyzed samples as detennined by the above methods, especfally as it 
pertains to the .. chemical composition of the rocks. In add-ition, the 
nature of various sedimentary structures and their relation to the 
genesis of the sediments is discussed. 
4.2 Mineralogy of Chert and Ferruginous Sediments 
The principal minerals identified in thin section and by 
X-ray diffraction in the chert and ferruginous sedimentary rocks 
comprising the present study suite are described in this section in 
generally deere as i ng order of abundance. 
4.2,1 Quartz 
Quartz is by far the most c~bserved in most 
thin sections and it commonly dominates the X-ray Cliffractograms. It 
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generally occurs as cryptocrystalline to microcrysta}line aggregates, 
the individual crystals of which are often irresolvable under the 
• 
petrographic microscope. These aggregates comprise the groundmass of 
most samples and in the RobertS Arm and Fortune Harbour suites may be 
accompanied by minor amounts of isotropic silica. In the Gull Pond 
suite, the groundmass is conmonly ,composed of micrographic quartz 
which is considerably coarser-grained than that in the Roberts Arm or 
Fortune Harbour suites. This suggests that, in general, substantially 
' 
more recrystallization has taken place in the chert in this area, 
~sibly due to their relatively intense tectonism (Sec. 3.4 . 2} and/or 
I 
to their relative proximity to several large intrusive·bodies (Fig. 1.1). 
Quartz is also found in minol) but varying amounts as angular 
to subangular detrital grain?, as relatively coarse-grained micrographic 
cavity fillings (Sec. 4.5) and as a major constituent of late veinlets 
often accompanied by epidote± calcite. 
Chalcedon.ic quartz is rare but sometimes occurs in veins as 
fibrous growths perpendicular to the vein wall and as radiating sheaves 
' ' 
of crystals in spherical structures of probable diagenetic origin (Sec. 4.4.~). 
4.2.2 Hematite 
Hematite is a ubiquitous component of all red cherts· but is 
uncommon in green varieties. When present in relatively minor quantit~es, 
it forms a fine dust in the 1ntersti ces of the quartz grounlinass and with 
increasing concentratioh tends to aggregate into irr~ular clots (Plate 4.5) 
which often render 1 arge portions of the thin sections virtually opague. 
When present in large quantities, hemat1te may form discrete beds. 
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4.2.3 inosilicate Minerals 
convenience whe referring to the suite of minerals listed below which 
contain aluminum and silica as well as various other majqr element 
cations. These minerals are commonly observed in thin section as 
microcrystalline aggregates, the individual crystals of which are 
irresolvable in thin section but single detrital grains are often coarse 
enough to identify optically. The aluminosilicate minerals are more 
commonly detected, both optically and by X-ray diffraction, in the 
greer rocks rather than their red counterparts, this bein'g due partly 
to their relatively greater abundance in the fonner (cf. Sec. 5. 2.2) 
but also to the obscuring effect of hematite which renders much of the 
red specimens opaque in th1n section and is the cause of considerable 
interference in X-ray diffraction. 
Sericite and Illite 
Sericite and illite have both been identified by X-ray 
diffraction in some samples but they are too fine grained to be 
distinguished from each other in thin section. In the Roberts Ann and 
Fortune Harbour suites, they occur principally as microcrystalline 
aggregates distinguishable from chlorite by their high biref ringence 
but in the Gull Pond suite are more often seen as indiyidual flakes 
aligned parallel to the bedding. They are often associated with other 
detrital mine,rals in quartz and/or hematite-poor beds and are occasionally 
seen replacing feldspar gra,ins and as cavity fillings (Sec. - 4.5). 
X-ray diffraction i ndicates that illite is more common than 
sericite in the Roberts A~·~nd Fortune Harbour suites while in the Gull 
Pond suite, sericite appears to be more prevalent . 
j 
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Chlorite 
Chlorite is seldom present in sufficient quantities to 
be identified by X-ray diffraction but is often present in thin section 
where it occurs almost exclusively as microcrystal line aggregates in the 
quartz groundmass. It commonly shows very low first order interference 
colours but in some specimens of interpillow material, gives anomalous 
,, 
Berlin-blue i nterference colours. 
Epidote and Clinozoisite 
Epidote and less commonly clinozoisite were identified in 
a large number of samples both optically and by X-ray diffraction . They 
occur both as vein fi l lings associated with quartz and · ca l cite and as 
microcrystalline aggregates in the qro.un<inass, usual l y associated with 
se ricite/illite and/or chlor.ite. These mineral s are es peciallY' common 
in the green samples and in many cases are probably re spon s ible for 
their colour . Epidote is often present partially or completely replacing 
detrital feldspar grains. 
Feldspar 
Feldspar is c011111only a minor detrital component in samples 
from the Dresent study and where individual grains are visible tney are 
often partially or completely altered to sericite, chlorite and/or epidote. 
Large detrital feldspar grains are occasionally seen concentrated in narrow 
tuffaceous beds within the chert associated with detrital quartz, pyroxene 
and lithic fragments. Sodic plagioclase was detected, by X-ray diffraction 
in some samples in amounts greater than those seen in any t hin section, 
suggesting that considerable plagioclase may be sporad i cally present in 
optically irresolvable m1crocrystalline aggregates. 
.. -..,.., - -- --;.~ 
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Pumpellyite 
Pumpellyite was identifie~ in a few th in sections and in one 
X-ray diffractograrn, all from the Roberts Ann suite, occurring as rare 
individu~l grains in l ate quartz veinlets and occasionally as micro-
crystalline aggregates. 
4. 2. 4 Ca 1 cite 
Calcite is present in some samp l es as a coarse to fine-grained 
vein (illing associated wi th epidote and quartz. It is occa-Sionally seen 
as di s crete grains in the chert groundmass and is especially common ir:l 
. .. 
interpillow mate r ial adj acent to the chert-pillow i nterface. 
4. 2 .~ Opaque Minerals 
Next to hematite, pyrite is th~ most COillllon opaque mineral 
.! 
present in the chert and ferruginous sedimentary rocks bu.t.-....j s rarely 
abundant. Sma 11 pyrite cubes are sometimes disseminated thr~ghout the 
grounclr!ass, and broken edges on some grains suggest that they, at least, 
are detrital . Vein-fillings of pyrite are sometimes present near the 
volcanic rock/chert interface where the chert is interstitial to pillow;. 
Magnetite i s a rare detrital component in the Roberts Ann 
and Fortune Harbour suite but is somewhat more comon in the Gull Pond 
suite, where it occasionally forms almost massive lenses in hi ghly 
ferruqinous chert proximal to the Southwest Shaft copper deposit (Sec. 
3.- 4. 4). 
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4.3 Mineralogic Distribution of the Principal Major Elements 
Major element analyses of all samples referred to i n this 
section are presented in Table 4.1. In all samples examined optical1y 
' 
or by X-ray diffraction, the proportion of non-detrital free qU<artz is 
directly correlative with the concentration of Sio2 and there i s no 
doubt that in most siliceous samples, thi~ mineral accounts for the 
majority of the Si02 present. In rare cases, samples very rich in 
a,luminosilicate minerals may be relatively deficient in non-detrital 
free quartz and thus contribute a significant proportion of the s;o2 
present in the rock (e.g. RA67G). 
Fe2o3 is present in most samples mainly as hematite, with 
a typically minor contribution being made by magnetite and Fe3+-rich 
aluminosilicates such as epidote and pumpellyite. There are f i ve samples 
. A 
in the Roberts Ann suite.which appear in hand specimen to be virtually 
without hematite but contain in excess of 6% Fe2o3 (RA67G, RA120, 'ttA123, 
RA143B, RA161G) and X-ray diffraction of two of these samples confinned 
the paucity of hematite and indicated the presence of anomalously large 
amounts ofepidoteand/or pumpellyite. No other minerals identified on · 
these diffractograms are capable of carrying sufficient amounts of Fe2o3 
to account for its concentration in these samples and it thus appears that 
i·n some cases, signific:4nt amounts of Fe2o3 may be attributed to the 
presence of epidote and pumpellyite. 
The variety of aluminosilicate minerals identified in thin 
section and by X-ray diffraction (Sec. 4. 2.3) can easily acfount for the 
• 
Al 203 content of most samples. The concentrations of major elements other 
' 
t j 
J 
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i-;;,"· l TABLE 4. 1 
f · 
MAJOR ELEMENT COMPOSITION OF SELECTED SAMP LES 
.Weight :t RA46 RA52 RA67G RA89 RA120 RA123 RA143B RA161G RA190B SP75 
FH4G FH41 A FH64 
Fe2o3 4.93 20 . 44 
6.37 6.49 3. 77 6.97 7. 19 15.41 3.33 3. 98 0. 00 4. 46 0.94 
Ti02 .36 0.00 0.00 
0.00 .64 . 22 0. 00 .ll .20 ; 19 0.00 0.31 0. 00 
Si02 68.9 64.0 56.8 
83.3 57. 1 43.0 44.3 47.8 77.3 24.1 94. 7 64 .6 
82 . 6 . 
CaO . 56 1. 53 19. 7 3.91 15.63 23.6 20. 43 14. 28 . 89 
. 34 .08 1.82 0.26 
0\ 
K20 3 . 3 .07 . 03 
0.00 .02 0.00 0.00 0. 00 . 34 2. 51 . 24 4.08 0.45 
():) 
MgO .9-7 2.33 .57 1.04 .-41 . 26 l. 49 2 . 20 1. 31 • 79 . 73 
2. 18 0.60 
A1 2o3 13.70 3.27 11.5 
1. 12 14.3 20.60 14.30 10.4 7. 24 5.54 1. 84 12. l 8. 23 
FeO . 63 3.02 ,. .. 61 1.57 .65 .64 1.06 1. 14 3. 39 1. 45 2. 14 
0.43 .0 . 68 
Na2o 2.34 0.00 0.00 
. 01 0.00 .01 0.00 0. 00 1. 43 .20 0.00 o. 11 2. 61 
MnO .07 .07 .05 .04 .09 .04 . 04 . 11 . 26 .11 . 09 
0. 08 0. 71 
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than Al 203 associated with the aluminosilicate minerals (Ti02 , CaO. 
K2o, MgO, FeO, Na2o) are_often very low, however, and the mineral 
phases containing them are cOITillonly too fine grained to identify with 
certainty in thin section. However, by examining samples which are 
relatively enriched in one or two of these elements to the exclusion 
of the others, it is often possible to identify the major aluminosilicate 
mineral carrying the element in question and t his ident~ication can be 
used in conjunction with the chem1cal composition of various samples to 
infer the principal mineralogic distribution of this element throughout 
the sample- suites. The following discussion reports the preliminary 
. 
results of examination of selected samples which meet the above 
criterion and is expanded in Chapter 5. 
a) CaO: The most widespread CaO-bearing mineral identified optically 
and by X-ray diffraction was epidote, although calcite veins are 
cornnon in a few samples and clinozoisite and pumpellyite are 
occasional minor constituents. Extremely CaO-rich samples such 
as Rl\6 ?G c011111on ly contain very large amo~o~nts of epidote in thin 
section and give pronounced epidote peaks on the diffractograms. 
Plagioclase was seldom identified in the absence of anomalously high 
( Na 2o concentrations, and calcic feldspar is thus not thought to 
contribute significant amounts of CaO to the whole rock composition. 
b) K20: K20 en:iched samples from all areas (e.g. GP75, RA46, FH41A) 
comnonly contain a relative abundance of illite and/or sericite in 
thin section and X-ray diffraction of K20-rich samples commonly 
resulJs. . in peaks characteristic of these two minerals. Illite and 
sericite are therefore thought to be the principal K20-bearing 
mineral in most samples. 
• 
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c) MgO and FeO: Because of the close positive correlation between 
these two elements throughout the sample suites (Sec. 5.3. 1), they 
are thought to generally occur in the same mineral. Sample RA52, 
which contains domina~ MgO and FeO as its aluminosilicate-related 
component, contains a fine-grained detrital fraction identified 
as chlorite in thin section. Likewise, samples which give X-ray 
diffraction chlorite peaks are c00111only those which contain 
~gO+FeO K20,CaO,Na20. 
Occasional s~ples anomalously high in FeO were observed in hand 
specimen and/or thin section to carry disseminated pyrite. 
d) Na2o concentrations are c011111o.nly very low and the only mineral 
·. identified in thin section which carries major amounts of this 
~lement was detrit'a~ plagioclase. Sample FH64, which carries. 
I 
a~~alously high Na2o, was found to give pronounced X-ray 
diff'~action albite peaks and it seems likely that this mineral is 
\ . responS...~ble for Na2o concentrations in most samples. 
\ 
\ 
4. 4 Sedimentary Structures 
rocks, as well as s green varieties, are colour-laminated in hand 
specimen (Plate 4.1 and details of these laminae are clearly seen in 
thin section. Indi idual laminae vary in thick.ness from less than 0.1 ITITI 
to +1 em and while 
others are lensoi d 
s amp 1 es c01111lon l y 
are remarkably continuous on outcrop scale, many 
discontinuous (Plate 4.2). Laminae 
mainly from variations in hematite 
i~ the red 
c~tent, with 
I 
I 
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PLATE .4.1 Colour-laminated ferruginous chert. Dark grey laminae 
are sKaly members. 
- 72 -
PLATE 4.2 Fine lamination in ferruginous chert. Matrix is dominantly 
hematite, quartz and silicic tuff fragments. Lense in lower half is 
dominantly silicic tuff fragments. Plane polarized light. x40. 
PLATE 4.3 Intra-laminae slump fold modified by later deformation. 
Folded bed is silicic tuff interbedded with finely laminated 
hematite-quartz chert. Plane polarized light. xl25. 
--........:;.... ._ . --
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lighter-coloured bands being relatively depleted in this mineral but 
may also be caused by differential concentration of rflicrocrystall.ine 
aluminosilicate minerals or coarse clastic and/or tuffaceous interbeds 
(Plate 4. 2). Laminae contacts are often sharp but are more commonly 
rather diffuse and gradational. 
Small scale sed~mentary structures are rare in hand specimen 
but are more c6ntnonly viewed in thin section. especially where laminae 
contacts are sharp. The most common structures seen in thi~ section 
are intra-laminae slump folds {Plate 4.3) in which one or more laminae 
are deformed while beds above and below are not. Individual laminae are 
sometimes disconnected and.streaked out at the broken ends, suggesting 
that some soft-sediment boudinage has taken place. In som~ cases, the 
disconnected bedding fragments are deformed and bunched up at one end 
{Plate 4.4} suggesting that the disconnected pieces have occasionally 
moved laterally while in a plastic state, causing defonmation along the 
leading edge. 
Transport of unconsolidated chert on a somewhat larger scale 
was noted in one sample where poorly sorted fragments of pale reddish 
chert up to 5 an in length arep-esent in ·a dark grey siliceous matrix. 
The fragments are seen in thin section to b€ dominantly formed of 
microcrystalline quartz with scattered hematite clots and abundant 
radiolarian remains (see Sec. 4.5) and are virtually free of aluminosilicate 
,,inerals. The quartz matrix is mainly finer-grained than in the fragments, 
contains no hematite and few radiolaria, but has scattered detrital 
feldspar laths and occasional clots of microcrystalline clay minerals. 
I 
1 
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PLATE .4.4 Soft-sediment deformation on the leading edge of a tuffaceous 
bed in red chert which has undergone lateral transport. Suggested 
sense of movement is from left to right. Crossed nichols. x40. 
PLATE .4.5 Part of a hematite-rich fragment in a more quartzose 
matrix in interpillow chert. Crossed nichols. x50. 
• 
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The fragment boUAdaries are definite but irregu.lar and without sharp 
edge~ and the fragments· are therefore interpreted to have been transported 
-while in a plastic state . The uniformity of clast composition and the 
absence of exotic fragments indicates that transport was probably over 
a very short dist,anc)and involved only a minor amount of se~iment. 
Scour and fill structurQs were noted in some outcrops, 
generally in the more shaly members, and some tuffaceous interbeds show 
a crude size gradation but laminae in the bedded ~hert and ferruginous 
sediments seldom show evidence of current reworking. 
Post-depositional readjustments, as reflected in tht sedimentary 
structures, thus seem to have been limitedto minor sl-"g, possibly in 
response to slight density contrasts and/or depositi6rial slope instability. 
4.4.2 Interpillow Deposits 
Interpillow chert is seen in thin section to be composed 
dominantly of quartz, hematite and minor clots of aluminosilicate minerals. 
Quartz crystals are comnof\.ly much coarser than those in the bedded varieties 
and hematite is coovnonly present in sufficient quantities to render much 
of the thin section opaque. Aluminosilicate minerals. especially those 
rich1 in CaO, tend to increase in concentrati on towards the chert-pillow 
lava contact, and epidote with lesser amounts of pumpellyite and chlorite 
are common in the contact region. Calcite is ubiquitous in most contacts, 
often obscuring the contact itself, and calcite veins are comnon in both 
chert and pillow lava. 
A breccia-like texture is often visible in hand specimen in 
which irregular bright red fragments of varying shape are chaotically 
• 
- 76 -
intennixed in a quartz-hematitel18trix. This feature is seldcm visible 
in thin sections due to their hematite-caused opacity but occasionally 
the _fragments are preserved in a more quartzose matrix (Plate 4.5) . 
The fragments are often elongate and somewhat curved, with sharp 
boundaries and angular corners. 
These fragments are reminiscent of broken beds which may 
have been intruded in a semi-coosolidated state by the pillow lava; 
resulting in disruption of the beds and their being squeezed into the 
pillOw interstices. Alternatively, they could be laminae formed 
chemically by deposition of chert in the pillow interstices and 
subsequently disrupted by minor late readjustments of pillow geometry. 
Macro-spheroids ranging up to 1.511111 in diameter comprise 
up to 60% of the rock in some interpillow samples. They are seen in thin 
section (Plate 4.6) to consist dominantly of micrographic quartz near the 
center giving way outwards to radiating chalcedony. Cowcentric bands of 
hematite, commonly overgrown by the chalcedony, are present in· the outer 
l/2 to l/3 of the structures. Where these structures are in contact, their 
mutual sides are flattened suggesting interference during growth . However, 
the structures are commo~ly separated by a fine film of hematite and/or 
clay, and crystals of one sti"'Uctureare never seen intergrown with those of 
an adjacent structure. The outer edges of these spheroids are commonly 
diffuse, marked by the outer growth limit of the various chalcedony crystals. 
The origin of these structures is not presently known . Their 
mutually flattened .edges, lack of nucleii and lack of concentric banding 
in the inner l/2 to 2/3 indicate that they are not recrystallized ooids. 
I 
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PLATE 4.6 Macrospherical structures in interpillow chert. Micrographic 
qu artz in the center of the spheres gives way to radiating chalcedony 
in the outer l/2 to l/3 which over~rows concentric hematite bands. 
Note flattened edges at mutual contacts and lack of overgrowth of 
adjacent structures. Plane polarized light. x50. 
PLATE 4.7 Radiolarian remains in hematite-chert. Infilling material 
is dominantly quartz with lesser clay material (grey). Note faint 
suggestion of an outer wall in the central specimen. Crossed nichols. 
x500. 
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A possible origin is suggested by the work of Elliston (1963 a,b) 
and Nashar (1963) who suggested that colloidal material in a .partially 
consolidated, water-rich sediment will flocculate into large aggregates 
·~ 
in response to the application of sheari ng stress. These aggregates 
later crystallize in response to compactioA, dehydration and possibly 
ehvation of temperature (Elliston, 1963a, Plate 1) . In the .case of 
the present sediments, this stress could have been ~xerted either by 
the extrusion of oi l lows into· a partially consolidated sediment or .by ~ 
post-depositional readjustment of the pillows causing disruption of 
partially consolidated material in their interstices·. 
There is no eyidence of baking of the ch€rt near t he pillow 
lava contacts and field and petrographic evidence is not conclusive QS 
to whether the chert in the pillow interstices pre- or post-dates pillow 
extrusion. Geochemical evidence perta ining to this problem is presented 
in Chapter 5. 
4.5 Radiolarian (?) Remains 
' 
A majority of the samples examined in thin section contain 
widely varying concentrations of microspherical structures ranging in 
diameter up to 0.3 mrn (Plate 4. 7). They are Lommonly filled with 
micrographic qu·artz which is nonna1ly considerably coarser than that in 
the groundmass, suggesting it may h~ originated as cavity fillings. 
Less commonlyt the spheres ~re partially or completely filled with 
microcrystalline clay minerals and/or hematite (Plate 4.7). In many 
L 
l 
I 
f 
I. 
l 
l 
t 
J 
! 
I 
l 
\ 
. · 
- 79 -
samp 1 es, the spheres are scattered at random throughout the specimen 
while in others they are concentrated in specific hori4ons. commonly 
those rich in hematite and/or detrital material. On the rare occasion:. 
when they are in mutual contact, the spheres are tangentiall y welded 
(Plate 4. 8). Preservation seems to be enhanced in the hematite and 
shale-rich rocks and where the spheres are present in highly siliceous 
samples, they are often partially destroyed (Plate 4.9) . ·The only 
suggestion of internal structure ~n these spheres i~ a faint, poorly 
preserved outer wall in scxne specimens (Plate 4. 7). 
Sampson (1923) described similar features from the cherts 
of Notre Dame Bay and interpreted them to be rad iolari a a s did Ruedemann 
and W~lson (1936) from cherts of similar age in New YQrk. Similar fonns 
interpreted to be r'adiol aria have been reported from many DSDP cores 
(e.g. Heath and Moberly, 1971; Berger and von Rad, 1972; von Rad and 
Rosch, 1974) where a complete gradation from opaline radiol arian ooze 
( 
to indurated quartz chert can be observed and the progressive destruction 
of i nternal structures of the radiol aria can be recorded. Mo~t recent 
workers agree that dissolution of opaline tests during diagenesis will 
result in the destruction of most internal structures and possibly 
cbmplete obliteration of the test (Wis'e and Weaver, 1974). 
In summary, ~he following considerations suggest that the 
microspheres observed in thin section and described above are poorlt 
preserved radiolarian· remains : 
1) The internal micrographic quartz is relatively coarse-grained and 
this, coup 1 ed with the occurrence of i nterna 1 c1 ay· and hematite, s ugges t s 
infilling of an original cavity. 
• 
-· 
- 80 -
PLATE .4.8 Tangentially welded radiolarian remains. Plane polarized 
light. x500. 
PLATE 4.9 Radiolarian remains in various stages of preservation in 
highly siliceous chert. Groundmass is dominantly micrographic quartz. 
Well-preserved radiolaria are present (e.g. lower-right) but many are 
partially destroyed and appear as ghosts. Crossed nichols. x40. 
• 
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2) The general lack of 'concentric banding and/or nucleii indicate_s 
that these a~ not . recrystallized ooids. ?harp outer boundaries and 
tangential welding rather than flattening at mutual contacts indicates 
that they are probably not diagenetic growth features or recrystallizeO 
. silica globules'. 
3) The occasional presence of a poorly preserved outer wall 
ind i cates than an original outer wall may have been a universal 
' 
characteristic, i.e. suggesting~ biogenic origin. 
4) The similarity in size, general appearance and occurrence of 
these spher~ to radiolaria described in sediments of a similar age as 
\ . 
well as those ~esent in more recent rocks suggests that they are 
1 i kewise radial i a . 
'· 
4. 6 Stmary 
Quartz and hematite are the dominant miner.als present -in 
the chert and ferruginous sediments studied during -the present project. 
Non-detri ta 1. mi crocrysta 11 ine quartz comprises the grounanass of mast 
samples and is -diluted by varying concentrations of hemati te which occurs 
as a fine c!,Jst surrounding quartz crystals, as irregular clots, and 
.. 
occasionally as discrete beds. A ubiquitous detrital component is present 
which ranges from o,ccasional tuffaceous fragments to discrete tuff interbeds 
and microcrystalline aggregates in the siliceous grounctnass. The dominant 
minerals ifl this fraction are illite, sericite, chlorite, and epidote with 
lesser albite and clinozoisite and, in the Roberts Ann suite, pumpellyite. 
c.alcite, pyrite and magnetite ~r-e sporadically present . 
• 
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Concentrations of the varjous major eleme~ts can usually 
~ 
be related to the presence of sp~cific minerals identified optically 
or by X-ray diffraction. 
Sedimentary structures in the bedded sedimentary rocks 
indicate that most were deposited in relative-ly quiet water and locally 
disrupted by soft sediment defonnation p~bably d~e . t~ density contrasts r 
and/or depositional slope instability. 
Petrographic ividence is inconclusive as to whether 
interpillow chert was originally deposited before or after extrusion 
of the host pillow lava. 
Microspherical features present in a majority of bedded 
samples are interpreted to be poorly preserved· radiolarian remains: 
• ) 
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CHAPTER . 5 
GEOCHEMISTRY 
5. f Methods 
(r--
f ' 
A total of 247 samples comprising chert and fen;4inous 
sedimentary rocks asso~iated with volcanic rocks of the~erts Arm 
and Cottrell's Cove Groups, of which 80 were from the Gull Pond area, 
115 from the Roberts Arm area and 52 from the Fortune Harbour area, 
were analy~ed for 10. major and 10 trace elements. Major element 
compositions were determined with a Perkin-Elmer Model 303 atomic 
absorption spectrometer and trace element compositions with a Phillips 
Model 1220C X-ray fluorescence spectrometer. FeO content was faun~ by 
titration according to the method of Wilson (1955), described by 
Maxwell (1968, p. 419) . Gold was determined commercially by Bondar-Clegg 
and Company for 179 se 1 ected samp 1 es of which 61 were from the Gu 11 Pond 
area, 76 from the Roberts Arm area and 42 from the Fortune Harbour area. 
Loss on ignition was determined for all .samples. 
A 11 ana lyses were performed on uns i eved who 1 e rock powders 
and details of sample preparation techniques, analytic;al methods, and 
J 
the precision and accuracy of the analyses can be found in ,Appendix B. 
· A variety of statisti_cal ·techniques were applied to the ..data 
in order to interpret the compositions of and chemical trends both in 
the various geographic suites and in selected subgroups within these suites. 
The main emphasis in the Roberts Arm an(j Fortune Harbour areas was directed 
towards chemically distinguishing contrasting lithotypes and samples of 
differing modes of occurrence, as well as seeking stratigraphic variations 
i 
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vertically throughout , the volcanic sequence . The principal concern in 
the Gull Pond area was to find chemical variations along strike within 
0 
the single stratigraphic unit associated with base metal mineralization 
and to define c~mical variation between this uni t and similar 
lithotypes apparently unrelated to mineralization. 
( 
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5. 2 Results 
The a.verage major and trace element compositions and the 
standard de'w'iations from the mean concentrations for the three geographic 
s-uites are presenteq in Tab}e 5. 1 and histograms showing the distribution 
of the various element concentration) for the three areas can be found 
in Appendix D. 
5.2.1 Comparative Compositions of the Geographic Suites 
A comparison of major element concentrations as presented in 
Table 5.1 indicates the following : / · 
.....___ -
1) The chemical composition of al 1 suites i s dominated by Si02 and to 
' a lesser extent (in the Gull Pond and Roberts Arm suites) Fe2o3 • which 
together comp' rise 84 to 91% of the mean rock composition . This reflects 
- ,J 
quartz and heroatite respectivel~ being the dominant mineral components 
in most samples . 
2) There are significant differences in the sediment composition between 
• 
the three suites. The Roberts. Arm suite is relatively depleted in Si02 
ana enriched in Fe203 , reflecting the greater proportion of ferruginous 
shale and mudrocks as opposed to true chert in this area. This feature 
is also reflected 1n a relative enrichment of FeO, MgO, CaO and Na2o, 
elements present mainly in detrital chlorite, epidote and 'plagioclase 
in this suite. · The Fortune Harbour suite, while showing a marked depleti on 
in Fe2o3 is enriched by a factor of two in K20. presumably reflecting a 
relative preponderance of illite in the clay Jraction. The Gull Pond suite . , ___ 
is the most siliceous of the t~ree and a relative paucity of detrital 
material in the samples is suggested by a slight but consistent relative 
depletion in Al203, cao. MgO, K2o. FeO and Na2o. 
) 
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TABLE 5. 1 
. MEAN· CHEMICAL COMPOSITION OF THE GEOGRAPHIC SUITES 
~ 
Roberts Arm Fortune Harbour Gull 
Weight % Mean, S.D.* Mean S.D. Mean 
• Fe2o3 9.89 13. 12 '3.42 3. 11 7.18 
Ti02 .26 . 14 . 25 .11 .22 
Si02 75.09 16.94 81.87 11.31 84.54 
CaO - 3;36 4.69 l. 37 l. 41 . 78 
K20 
. 
.64 1.05 L29 l. 15 .65 
MgO 1.22 l. 52 .96 . 73 .68 
A1 2o3 4.83 4.57 
5.13 3t63 .. 2. 81 
FeO "1 . 37 l. 53 . 87 . 81 • 80 
Na2o .61 l. 18 .60 . 84 . 47 
MnO .22 • 56 .43 • 53 .93 
L.O.l. ** 2.66 3. 34 2.03 l. 57 • 61 
~ 
.Zr 45 46 53 43 31 
Sr 138' 341 61 63 51 
Rb 25 32 48 41 28 
... 
Zn 36 . 21 45 21- 30. 
{ 
Cu 15 ·zs 14 50 10 
Ba 235 377 458 653 444 
N!) 12 14 9 7 12 
Ni 38 31 31 10 30 
Cr 30 104 \ 16 6 ) 16 Au*** 20 16 67 38 72 
.. 
* - standard devi at1 on 
** - loss on ignition 
_j *** Au in ppb 
Pond 
S.D. 
6. 31 
.56 
9.19 
l. 14 
.69 
.49 
2. 14 
. 68 
.68 
1. 76 
.35 
11 
23 
18 
16 
14 
547 
14 
13 
13 
50 
· I 
-
.·''--... ·.J 
g, 
.. 
.. 
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3) CaO, Na2o, MgO, and FeO tend to increase in concentration from Gull 
Pond to Fortune Harbour to Roberts Arm respectively. This trend coincides 
with an increasing volume of mafic relative to silicic volcanic rocks in 
the volcanic sequence and indicates that the~e elements are. present in 
the detrital fractionstwhtse compo~itions reflect their sources. 
4) None of the geographic sui);es is internally hanogenous in composition 
and very high standard 
the considerable range 
Appendix D). 
deviations for most el~ents 
of·compositions presen;f(see 
I 
in all suites reflects 
also histograms, 
5} The distribution of element concentrations as depicted in the 
histogram~ {Appendix D) shows that in spite of thidifferences note~ above, 
. 
the element concentrations in each suita follow broaaMy similar distributipn 
patterns. The main exception to this is the distribution of Al203, MgO and 
K2o in the Fortune Harbour suiteJ'Ihich, i~ contrast to the othe~ two suites, 
. shows neither heavy weighting in the 1 oW-concentration ranges nor scattere.d 
anomalo~sly high values. 
The relative major .element c?'osition of th.e .three suites is 
~ best illustrate-d ~ a triangular plot of their three major components; . 
quartz (s;o2). hematite (Fe203) and' the detr-ital fraction (A1 2o3 + CaO + 
. 
K20 + MgO + FeO + Na20) as shown in Fig. 5. 1. Most samples . in all suites 
lie in one or both of two linear trends which converge at the quartz apex, 
one of which parallels the quartz.-"detritus" join, representing vario~s · 
. ' 
shaley ,to cherty sediments without significant hematite~ and the other of 
wnich shows ~ linear decrease in quar~z concentration with increasing 
hematite+"detritus" content. Both trends are pre~ent in the Roberts Ann 
t 
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suite while s~es from the For.tune Harbour and Gull "Pond suites. plot 
·' 
. ~ 
almost exclusively in the low-hematite and high-hematite trends 
respectively . ·.This diagram emphasises-the siHceous nature of the 
majority of the samples and shows that t;he increase of hematite and 
·detritus in the ferruginous sedi~ntary rocks is a sympath~tic 
' . 
relationship . Each ttend is intema•lly continuous showing no breaks 
_- ' . . .. ; , 
between the quart~-rich and detrital-r:ich end member.s indicating that 
all gradations of sedimentary _ type from relatively pure quartz chert 
to shale and ferruginous shale are present. 
The trace element concentrations presented io Table 5.1 and 
thetr distribution as shown in the- histograms 'Appendix D) indicate the 
following: 
-l) Most trace elements .. a\ present ,i n very :mall eoncentrations i!nd, 
with the exception of? Ba in· all suites and Sr in the Roberts Ann suite, 
'. 
. ' 
average less than lOOfpm. · 
21 Au is conside•ab.l\_depleted in the Rot,J.ts Ann suite ..,.lative to thef 
other two and i~ somewhat enriched i .~· t~e Gull Pond suite (ve to the 
Fortune Harbour suite. f · . ~ · 
3) With the exceptnon of Au, Ba· and Rb, the Gull Pond suite ca'rf-1es 
.: ... 
consistently lower trace element concentrations than the Roberts Ann ·~nd 
For~une Harbour suites. 
4) The relatively high Sr mearr' concentration fn the Roberts Arm suite 
results from a few anomalous samples and the Sr histogram for this .suite· 
i~ Appendix D indicates that excluding ' t~ese few samples, Sr distrfbut'ion · 
is in fact simOar in all suites. 
_, 
. r 
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' 5.2.2 Comparative Composition of Lithol~ic SUbgroups 
, 'If/':,._ 
~ . . . 
Three pairs of litholOgic subgroups are compared, viz; 1) red 
·versus green samples f.rom the Roberts Arm+ Fortune Harbour suites. 
. ~ -
2) bedded ·sedimentary rocks ·versus interpill oW sediments from the Roberts 
- ~ 
Ann Group and 3) samples from the Gullbridge fer.ruginous chert horizon 
' . 
versus those units from the Gull Pon·d "suite .appa·rentlyunrelated to 
mineralization. The mean concentrations and standard deviati-on from 
' 
the mea~ concentrations of all subgroups are presented in Tables 5.2. 
5 . ·3 and s'.4 together with the statis.tical significance of the compositional 
r 
variations according to the Mann-W~i~ney U Test (see Appendix B). 
¥ 
\ 
Red versu-s Green Sedf.mentary Rocks from the Roberts Arm and 
Fortune tiarbour Suites 
Samples from the Gull Pond suite were not included in these 
.  \ 
subgroups due to their lack of gre_en varieties. The green subgroHP also 
includes a few s·amples in shades of grey" white afld buff. 
The 'mean element concentratiOn$ for thes_e subgroups as shown 
\ 
in Ta~le 5.2 indicate the folloWing : 
1) Fe203 and s;o2 are signifi;antly enriched i n the red subgroup, 
reflecting tjve .enrichmentin quartz and hematite( 
2) · Al203 ~ FeO, and NazO, wel MgO and K20 to a lis.ser extent, 
significantly- higher in the 
. ' 
that all major. 
detrital minerals a~e re.lati y enricned in _the gree~ rocks. 
are 
3} ·Zr and y enriched in the green subgroup while Au 
is the only trace element to 'be .enriched in the red rocks. 
• _.·• 
\ 
• ... 
, 
., 
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.r •( TABLE 5~2 
MEAN COHPOSITIO~ - REO AND GREEN SUBGROUPS 
Red Subgroup G11een Subgroup 
· , 
j 
P**** % 
Wei-ght Perce.nt -Mean S.D.* Mean S.D.* 
Fe203 8.69 
Ti62 .24 . 
Si02 79. 49 
CaO • 2.04 
R2o ,68 
MgO 1.01 
A1 203 3.67 
FeO l. 12 
Na2o .47 
.. 
MnO .33 
10.67 2.84 
. 1 1 .27 
13.76 ,, ' 74.43 
2.59 5.35 
.85 1.64 
l. 16 4.22 
3.33 9.82 
l. 38 1.22 
l. 10 1.50 
.62 . 13 
3.76 
• 14 
14.31 
' 7. 39 
1.80 
.82 
4.35 
. 61 
1. 40 
.62 
99.999 
99 .9 
99.999 \ 
99.999 
99.79 
98.75 
L. o. I.** 2.28 l. 58 2. 74 . 1. 74 
~ 
Zr 
Sr 
Pb 
Zn 
CLl 
Ba 
Nb 
Ni 
Cr 
Au*** 
-
*** 
**** . 
36 . 29 
70 
26 
36 
11 
264 
. 7 
• 36 
16 
25 
.- Standard deviation 
- Loss on Ig,nition" 
- Au in. ppb 
142 
25 
19 
17 
509 
3 
27 
6 
32 
88 57 99.999 
318 624 99.99 
52 56 
47 29 
27 74 
441 517 96.47 
10 5 98. 78 
32 . 27 
16 7 
13 33 99.89 
- Probability that element concentrations form separate pppulations 
0 for elements where p > .95%. · ' 
\ ~ 
• 
'-, 
' 
( 
\ 
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' 
Bedded versus Irrterpill ow Sediments from the Roberts Ann Group 
Samples for this subgrouping were taken. only from the Roberts 
Ann suite as interpillow material is rare in the Fortune Harbour suite 
anq non-existent in the Gull Pond suite. In addition, only re-d samples 
are included in these subgroups due to the r,la!ive paucity o.f green 
interpillow sediments. 
The ele~nt concentrations for these subgroups as shown in 
Table 5.3 indicate that: 
1) The mean concentration of Fe203 is slightly higher in .the interpillaw 
subgroup while Al203, K20, MgO, FeO and Na2o·are significantly enriched 
in the bedded rocks. In view of the two subgroups' similar Si02 (and 
hence quartz) contents, this probably indicates that a sOmewhat higher , 
detri ta 1 component present in the bedded rocks is having the effect of 
' 
relatively diluting their hematite content_ 
2) CaO is considerably enriched in the interpillow subgroup as is MnO 
in the bedded rocks and the ratio Fe2031MnO h ·extr~e ly high in the 
interpillow subgroup reflecting its rel .ative depletion in MnO. 
3) Zr, Rb, and Zn are significantly enriched in the bedded subgroup, 
probably reflecting their close association ·with the detrit~l fraction. 
in these .rocks. 
Mineralization-Related Sediments versus Those App.arently 
Unre 1 a ted to ·Mi nera 1 i zat ion in the Gull Pond Suite 
The first Gull Pond subgroup cbnsists of samples taken from 
the horizon spatially re~ated to the Gullbridge and Sou.thwest ~haft 
deposits (hereafter called the "mineralization" subgroup) .while the 
second comprises samples from various other stratigraphic levels 
·JaM. -. ·~. 
t 
' i ' 
• 
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~ 
·.t 
l 
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TABLE 5.3 
MEAN COMPOSIT ION - BEDDED AND INTERPI LLOW SUBGROUPS ~ 
\ '• Bedded Subgroup Interpi 11ow Subgroup P**** % ·~ 
Weight Percent Mean S.D.* Mean S.D.* 
Fe2 o3 10.02 14. 77 11 . 83 8.50 l Ti02 .24 . 10 . 22 ***** 99.999 Si0 2 77.21 15.9 2 77.26 13. 48 
' 
CaO 1. 53 t. 50 3. 54 3.92 99 . 87 I 
" KzO .68 . 89 . 15 . 13 96.77 t 
MgO l. 34 1. 15 .7?. . 94 99.72 i -
.1\1203 4. 65 3.61 2. 15 2. 92 99 . 999 
Fe O 1. 56 1. 83 .76 . 54 98. 92 I 
Na 2o . 82 l. 63 .08 . 1 3 
99.7 1 
"1n0 . 45 .88 .05 . 04 99 . 999 
' 
' 
L.O. I. ** l. 79 .94 2.62 1. 99 99.999 t :I 
... 
l 
~ I Zr 43 33 25 28 Sr 65 59 95 265 
Rb 27 24 10 6 99.67 l 
• 
Zn 42 22 23 7 99 . 999, • ' 
Cu 15 28 11 ll 
Ra 218 358 104 188 
Nb 8 3 7 3 
Ni ~5 16 45 48 
Cr 11 7 15 6 97.79 
Au*** 7 13 14 18 
1t 
- Standard devi ation J 
** - Loss on Ignition 
, 
.. 
*** - Au in ppb 
**** - Probabi 1 i ty that e 1 ement concentrations f o rrrt separate populations -
for e lements where p > 95t . l 
l 
***** One an alys i s I r 
~ 
.. ._.,. .. 
i 
r 
t 
I 
t 
l 
I 
I 
I 
t 
.. 
l -.. ""' 
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apparently unrelated to mineralization (hereafter called the "mixed" 
subgroup) in the Gull Pond area. 
The major and trace e 1 ement ~rage concentrations of the 
subgroups presented in Table 5. 4 indicate that : .. 
1) The mi neralization subgroup is considerably enriched in Fe203 and 
depleted in Si02 relative to the mixed subgroup, reflecting relative 
,.. 
proportions of free quartz and hematite in the two groups :. Fe2o3 + Si02 ~ 
is roughly eCJUal in both groups, suggesting that a relatively uncompli cated 
covariation hetween these two minerals dominates the chemistry of both 
Gull Pond subgroups. 
2) Th e mean concentration of MnO is considerably higher in the mineral i zation 
subgroup but this is principally due to three highly manganiferous samples 
(GP 14, MnO = 9.6_%; GP153A, MnO = 9.0%; GP153B, MnO = 8. 6%) in this ho rizon 
(note the high standard deviation). Excluding these three samples, the 
mean concentration of MnO in the mineralization subgroup is 0.43% (S.D.= .41). 
somewhat lower than that of the mixed subgroup and probably a more rea l istic 
figure for purposes of intergroup comparisons. 
3) The mixed subgroup has slightly but signifi cantly higher concentrations 
of Ti02. K2o. Al 2o3 and Na2o reflecting its more prominent detrital 
component. 
4) Barium is the only trace element significantly enriched in the 
mineralization subgroup and this by-a considerable amount. Most other 
trace elements (except gold) are slightly but consistently depleted in 
these rocks relative to the mixed subgroup. 
. ". 
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TABLE 5. 4 
t-I:AN COMPOSITION - GULL POND MINERALIZATION AND MIXED SUBGROUPS 
Miner a 1 izat io~ubgroup Mixed Subgroup 
Weight percent "1ean S.D.* Mean S.D.* 
Fe2o3 9.48 6.40 3. 55 3.41 
T i02 . 13 .06 . 31 .80 
Si02 83.03 10. 71 88.1 3.96 
CaO . 78 1. 27 . 48 .27 
, 
K2o . 41 . 52 .77 .58 
- .. MgO • 62 . 49 . 61 .27 
A1 2o3 2. 14 1. 70 3. 12 1.89 
FeD . 91 . 71 .59 .43 
Na2o . 40 .62 .50 .74 
MnO 1. 99 2.49 .65 .62 
L.O. I.** . 51 . 30 .'&5 . 33 
~ 
Zr 
lP Sr 
28 9 34 (10 
47 24 52 19 
Rb 19 7 38 19 
Zn 25 l 5 31 11 
Cu 9 8 l3 19 
Ba 604 728 279 145 
Nb 10 2 16 21 
Ni 31 16 28 9 
Cr 16 7 17 4 
Au*** 71 68 53 28 
* - Standard deviation 
** - loss on Ignition 
*** - Au in ppb 
P**** % 
99.999 
99.999 
96.43 
99.999 
99. 77 
95.75 
99.72 
99. 71 
95 . 92 
99 . 999 
99.47 
_99. 64 
99.22 
99.88 
99 . 69 
**** -Probability that element concentrations fonn separate populations-
for e 1 ements where p ::> 95'%. 
t 
~ 
I 
I l~ 
I 
l 
I 
I 
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5.3 Statistical Examination of Chemical Data 
The chemical data ' for ferruginous chert and associat ed 
~ sedimentary rocks in the Upper Ordovician·Silurian volcanic sequence were 
subjected to a variety of statistical tests in order to determine the 
relationships between various elements and to identify any chemical 
trends oresent in the data. The destriptions of these tests can be 
found in Appendix B and the results of each test are discussed separately 
bel ow. 
5.3. 1 Pearson Correlation Coefficients 
In an initial attempt to identify chemical relation~hips within 
l 
the dat~ Pearson Correlation Matrices were calculated for the three 
geographic suites. The complete matrices and the significance of the 
correlations therein are presented in Appendix C. 
, 
Douglas (1976, in prep.) suggested as a result of his study of 
Cambrian sedimentary rocks in Eastern Newfoundland that the correlation 
coefficients calculated for the elements in his samples were influenced 
by two factors : 
1) A mineralogical association factor where elements which are present 
in a specific mineral are positively correlated to a degree detennineli by 
the amount of this mineral present in the rock. 
2) A mineral grouping factor in which there is a positive correlation 
of elements within a mutually gradational group of minerals and a negative 
correlation between these and the concentration of elements in an opposing 
group. In the present study, this takes the fonn of a dilution factor in 
which the dilution of one or more preponderant minerals {in this case quartz 
r 
I· \ 
I 
I .. 
·-· 
. f ... ... - ..:;:;·."'.;-; 
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and to a lesser extent hematite) by various other minerals (e.g. 
detritus) will result in all elements associated with the latter 
showing a strong negative correlation with the former. 
Major Element Correlations 
The major elements in each suite which are significantly 
correlated are siJillllarized in Fig. 5.2. Analysis of the results presented 
in Appendix C and Fig. 5.2 suggests the following relationships: 
I 
(l) A strong negative correlation of most elements with Si02 is present 
in all suites, reflecting the dilution of quartz, the dominant component, 
by all other minerals . 
2) Fe2o3 shows no significant consistent correlation with other 
minerals, with the exceptionofa negative correlation with Si02 in the 
Roberts Arm and Gull Pond suites. The lack of positive correlations 
suggests that the concentration of hematite is not related to the presence 
of other mineral phases, while the lack of negative correlations indicates 
that the concentration of hematite relativ~ to quartz is commonly too low 
to show a dilution trend with other minerals. The dilution factor 
rep~sented by the negative correlation of Fe203 and Si02 in the Roberts 
Arm and Gull Pond suites is not present in the Fortune Harbour sujte due 
to this suites' uniformly low Fe203 concentrations (Sec. 5.2.1). 
3) The general positive correlation of CaO, K2o, MgO, FeO, and Na2o with· 
Al 2o3 indicates that these elements are mainly present in aluminosi licate 
minerals . The very strong positive correlation of Al203 with K20 and HgO 
in all suites as well as the mutual correlatiori of K20 and MgO in the Gull 
Pond and Fortune Harbour suites suggests that chlorite and illite· ± sericite 
are generally the major aluminosilicate components. ·~s relationship is 
• 
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FIG. 5.2 Principal element correlations in the geographic suites; 
+ s1gnifies positive correlation at significance better than 0.001; 
-signifies negative correlation at significance better than 0.001; 
· parentheses indicate correlations .at significance between 0.005 and 
0. 001. 
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overshadowed in the Roberts Arm suite by the strong oositive correlation 
of CaO and Na20 with Al203 suggesting th~t other major aluminosilicate 
components, probably epidote and detrital plagioclase, are p-rominent in 
this suite. \ 
~) 
4) The strong positive MgO-FeO corre1ation reflects their mutual 
presence in chlorite. Because MgO exhibits a much stron~r negative 
correlation with Si02 and positive correlation with Al 2o3 than does FeO, 
it is likely that the chlorite is magnesium rich, but in the absence of 
mineral analyses, no quantitative estimates are possible. 
' . 
5) MnO shows no significant correlations in the Roberts Ann and Fortune 
Harbour suites but is positively correlated with CaO, MgO, AlzOJ, Fe203 
and Na2o in the Gull Pond suite . There are a number of alternative 
explanations for_ these correlations: 
a) The lack of correlation between MnO and the other major elements 
in the Roberts Ann and Fortune Harbour suites probably indicates that 
MnO was supplied chemically in these areas and thus is not .related 
in supply to the detrital minerals. Alternatively, the small amounts 
of MnO present in the Roberts Ann suite may be present in the various 
detrital minerals while being -either too low in concentration or too 
scattered in mineralogic distribution to produce a positive ~orrelation. 
b) The positive correlation of MnO with other major elements in the 
Gull Pond suite suggests that MnO concentrations in this area may be 
due to the jncorporation of larger amounts of this element into a 
major detrital mineral such as chlorite, thus producing the correlations 
via a mineralogic association factor. Alternatively, the MnO may be 
present as a discrete detrital phase 11n~ed to the other major elements 
.. 
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by a mineral grouping factor. A third possibility is that MnO is 
present in a discrete mineral phase which was chemically precipitated 
in environment where increased availability and/or environments 
suitable for the precipitation of MnO coincided with the introduction 
of a large detrital compon~nt. The highly siliceous nature of the 
.. 
Gull Pond suite relative to the other two suites would enhance any 
correlations produced by the above mechanisms because a 11 other 
components are present in small (i.e. more nearly equal) amounts. 
Thus the collective dilution of quartz by the other components 
(i.e. chemical and detrital)_will result in a relathely strong 
positive correlation of the elements via a mineral grouping factor. 
Correlation of Major and Trace Elements 
The significant correlations between major and trace elements 
are summarised in Fig. 5.2 and suggest the following relationships: 
l) Rb, Zn, s·r and Zr are positively correlated with Al203 in all suites 
(except Sr in the Fortune Harbour suite) indicating that these trace 
elements are comnonly presentt. the aluminosilicate minerals. Rb exhibits 
a strong correlation with K2o. suggesting that it is princip~lly bound in 
illite and sericite, while a similar correlation between Zr and Na2o (and 
to a lesser extent CaO) probably reflects the related detrital contribut1on 
of plagioclase and zircon vh a mineral grouping factor. Zn is consistently 
correlat@d with MgO, K20, and Al 203 suggesting this element's p.reference , 
for th~ clay fraction. 
\ 
/ 
• 
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2) Sr torrelates well with CaO and A1 2o3 in the Roberts Ann and Fortune 
Harbour suites and with MnO in the Gull Pond and Fortune Harbour suites. 
MnO is considerably enriched in the F9rtune Harbour and Gull Pond suites 
relative to the Roberts Anm suite (Table 5. 1) and the above latter 
correlation suggests that, at least in the Fortune Harbour and')Gull Pond 
suites, MnO was originally deposited as manganese carbonate. 
3) Ba is positively c~rrelated with K2o, A1 2o3 and Na2o only in the 
Roberts Arm suit~ coinciding with a considerable depletion of Ba in this 
suite relative to the other two. This suggests that most of the Ba in 
the Roberts Arm suite is either incorporated in alUMinosilicate minerals 
or contributed as a discrete detrital phase along with these minerals. 
In the Gu11 Pond and Fortune Harbour suites. increased amounts of a discrete 
Sa-bearing mi nera 1 phase may have been chemically precipitated and 
concentrations of this element are thus unrelated to detrital supply. The 
minor Ba associated with the detrital fraction may also be p~esent in/ 
.~ 
these 1 atter two suites but the excess amounts of the themi cal phase would 
mask this relationship. 
4) Ni in the Gull Pond suite is positively correlated with Fe203 , CaQ, 
K20, )'1g0, Al 2o3 and MnO and negatively with Si02• 
Trace Element Correlations 
. 
Consistent correlations are not as prevalent among trace elements 
as among the majors, probably due to a scattering of these •e1ements among 
several mineral phases and/or to the generally low amounts of these elements 
in the rocks. Significant correlations sll!ll1arized in Fig. 5.2 suggest the 
following: 
• 
r . 
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1) .The only consistent trace element correlations between all groups-
are the positive correlation ofk with Sr and of Rb with Zn. In add-ition, ' 
Zn and Rb are positively correlated in the Roberts A.,;· and Gul'iond 
'suites. This reflects the previously noted preference of Zn, Rb4d Sr 
for the aluminosilicate minerals via a mineralogical association factor 
and the related detrital contribution of Jircon via a mineral grouping 
factor. 
2) .r Barium is positively correlated with Zr, sr ~nd ~b in the Roberts 
Ann suite probably reflecting its presence either in the aluminosilicate 
minerals in this suite or as detrital barite correlated with other 
. 
detrital components via a mineral grouping factor. 
5.3.2 Scattergr~s 
All major element analyses ~ plotted against s;o2 in order 
to visually examine the chemical tr~nds discussed in section 5.2.1. 
Selected scattergrams which illu~trate the principal trends are presented 
in Figs. 5.3 to 5.10. ·The dominant f.eature in all scattergrams is a l 
cluster of points near the horizontal axis in the high-silica range whi~h 
contains those samples composed dominantly of free quartz. The trends 
generally tenn1nate in. this cluster and contain samples in which srignificant 
dilution of quartz by other minerals has taken place. 
The scattergrams for Al 2o3 v~rsus Si02 in Fig. 5.3 show that both 
an upper rela~~steep .trend and a lower, mor~ shallow trend are 
developed in the Gull Pond suite. The former is made up of samples 
containing greater than 81 Fe2o3 while ~he latter compr1s~s mainly samples 
with less than 4% Fe2o3 . -Although these two trends ,are not as well defined 
, . 
in the Roberts Arm or Fortune Harbour suites, the relatively high Fe2o3 
• 
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FIG. 5.3 Scattergramsof Al 203 versus Si02 for the geographic suites. Dots represent s ampl es having intermediate Fe2o3 concentrations. 
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samples tend to plot along the lower boundary of the groups and the 
relatively low Fe2o3 samples along their upper boundary in both cases. 
This.feature is furthet!discussed with respect to the Gull Pond suite 
on page 116 . 
Most of the K2D, CaO, Na2o, MgO and FeO.versus s;o2 scattergrams 
show two separate sample groupings (e.g. Fig. 5.4). The first of these 
fonns a negative linear trend originating ·in the high-silica cluster 
which reflects the dilution of quartz by increasing amounts of the 
aluminosilica,te minera1(s) containing the element in question. The 
second group generally plots in a diffuse trend subparallel to the Si02 
axis showing a wiGe variation in Si02 with little corresponding change 
in the concentration of the other element. In this group, dilution of 
quartz is being accomplished by minerals which do not contain the element 
in question (i.e. hematite and/or other aluminosilicate minerals) . These 
two trends are particularly well developed on th& K2D/Si02 diagram f~r the 
Roberts Arm Group (Fig. 5.4). whe~e a number of samples containing a 
,~· 
quartz-free fraction dominated by K2D lie along a line connecting the 
high-silica cluster with the theoretical composition of illite, suggesting 
· , 
that the chemistry of these samples is dominated by a dilution of quartz 
by this mineral. This linear trend is also present in the Fortune Harbour 
and. to a 1 esser extent, the Gu 11 Pond suites. 
The presence of substantial quantities of CaO-bearing aluminosilicate 
minerals in the Roberts Arm and Gull Pond suites 1s illustrated by the CaO 
versus 5102 scattergrams in Fig. 5.5. A number of samples plot along a 
• 
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FIG. 5.4 Scattergrams showing ~0 versus s;o2 for the geographic suites. 
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FIG. 5.5 Scattergrams showing CaO versus Sio2 for the geographic suites. 
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rather diffuse negative linear trend which links the theore t ical 
compositions of epidote, clinozoisite and anorthite with the high-silica .,.., 
clu s t e r . Optical mine r alogy and X-ray diffraction studies (Chapte r 4) 
indicate that the fanner two are the dominant CaO-bea r ing aluminosilicate 
minerals in all suites. 
The presence of plagioclase as a principal component of the 
detrital frac t io n in the Roberts Ann suite is illustrated by Fig. 5.6 
showing Si02 plotted against Na2o where a number of samples lie along the 
line connectin;- the hi gh-silica cluster with albite . 
The relative homogeneity of the red and green subg roups with 
respect to most elements is reflected i n their scattergram plots which 
commonly display linear trends caused by samples from both subgroups. 
However the majority of samples in the green subgroup tend to plot in the 
upper (i.e. high-concentration) part of the Al 2o3 , CaO, K20, MgO, and 
Na2o versus Si02 diagrams (e.g. Fig . 5.7) reflecting their uniformly high 
alumi nosilicate component and the paucity of low-aluminosili cate samples 
in this subgroup . 
Fe2o3. in th reen subgroup fonns a relati valy ill-defined trend 
below that f anned by there (Fig. 5 . 7) reflecting the fact that 
high - Fe2o3 contents in this subgroup are generally accompanied ~y 
considerable amounts of other elemenf s besides Si02 . The plot of CaO 
versus Fe2o3 for the green subgroup (Fig. 5.8) shows a rather vague linea r 
relationship between · these elements supporting the contention made in 
Section 4.3.2. that Fe2o3· in henatite-poor rocks occurs principally in 
1 
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FIG . 5.6 Scattergrams showing Na2o versus Sio2 for the geographic suites 
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FIG . 5.7 Selected scattergrams comparing the composition of the red 
and green subgroups. 
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CaO + Fe2of~ring allMllinosilicate mine_rals (e .g. epidote, pumpellyite). 
The low trend of Fe2o3 versus Si02 in the green subgroup is thus probably 
a result of the presence of substantial quantities of other elements 
(mainiy A1 2o3, CaO) in the Fe2o3-bearing minerals of this subgroup as 
opposed to the absence~lements in hematite. the principal 
Fe2D3-bearing mineral in the red subgroup. 
The green subgroup also shows a tendency to cluster on the 
MnO versus s;o2 diagram (Fig. 5.7) and shows a considerably smaller 
spread of MnO values than does its red count~rpart. 
The relative homogeneity of the bedded and interpi llow subgroups 
with respect to Fe2u3 and Sio2 is illustrated by Fig. 5. 9 but other 
chemical trends in these subgroups tend to emphasize the relatively higher 
aluminosilicate component in the fonner subgroup. This is well illustrated 
in the K20 and Na2o versus Si02 diagrams (Fig. 5.9) where ' linear trends 
. -
reflecting the dilution of quartz hy illite/sericite and plagioclase 
respectively are composed entirely of samples from the bedded subgroup. 
This feature is not as evident in the MgO and FeO diagrams (Fig. 5.9) 
suggesting that the excess aluminosilicate component in the bedded subgroup 
results from higher concentrations of illite/sericite and plagioclase 
rather than chlorite . 
The outstanding difference between these groups is illustrated 
on the Tto2 versus Si02 diagram (Fig. 5.9) in which only one sample in 
the interpillow subgroup contains detectable Ti02• 
MnO shows a very restricted range of values in the interpi llow 
subgroup as opposed to the bedded subgroup where ft ranges up to 4% (Fig. ) 
5. 9). 
• 
'I 
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FIG. 5.9 Selected scattergr~s comparing the compos1tion of the bedded 
and 1nterpillow subgroups. 
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FIG. 5. 9 (Continued) 
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FIG. 5. 9 (Continued) 
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Scattergr~s for the Gull Pond mineralization and mixed 
subgroups (Fig. 5. 10) show that in general, elements in the latter 
subgroup tend to either cluster~in restricted areas (e.g. CaO) or to 
form good linear trends (~.g. KzD) while in the former subgroup, element 
concentrations are more widely scattered. 
The reason for this is illustrated by the Fe2o3 versus Si02 
diagram (Fig. 5. lO) where the mineralization subgroup forms a relative ly linear 
trend over a wide range of Fe2o3 values while the mixed samples cluster in 
a small area at the low-Fe2o3 end of the diagram. The strong linearity of 
the trends of most other elements v~rsus Si02 in the mixed group is 
probably a direct result of this subgroups lfmited Fe2o3 range and its 
chemistry is thus dominated by a simple dilution of quartz by alum1nosilicate 
minerals. In the mineralization subgroup. however, the presence of a third 
major variable, Fe2o3, complicates the pattern and produces the observed 
scatter. 
This effect is clearly illustrated by the A1 2o3 versus Si02 
diagram 111here the mixed subgroup lies in a Jairly 1 inear trend which 
parallels the trend developed by the Fortune Harbour suite and is separate 
and distinct from the somewhat more shallow linear trend fanned by the 
mineralization subgroup (Fig. 5.10). It would appear that the former 
trend reflects a straightforward dilution of quartz by aluminos11icate 
minerals while in the latter trend, the addition of considerable extra 
hematite along with increasing amounts of aluminosilicate mi-nerals causes 
a significantly greater dilution of quartz. The distinct separation of 
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FIG. 5.10 (Continued) 
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these trends suggests that the excess hematite in the mineralization 
subgroup was contributed in distinctly higher amounts than were available 
.I during the formation of rocks comprising both the mixed subgroup and the 
~ Fortune Harbour suite. 
5.3.3 Stratigraphic Variability in the Roberts Arm and 
Fortune Harbour Suites 
Samples from the Roberts Arm and Fortune Harbour suites were 
subdtvided acctlrding to1heir stratigraphic level within the volcanic 
sequence and analysed statistically to see if a consistent, stratigraphically-
controlled chem~cal variation is present. The Mann-Whitney U Test was 
applied to the elt:ment concentrations of samples from the upper and lower 
halves of the volcanic section in the two respective areas. In the 
Roberts Ann area, samples were taken from an almost complete coastal 
· section through the sequence from Sop's Arm to Woodford's Arm (Fig. B. 1 ) 
and in the Fortune Harbour area from a coastal section along the northwest 
ann of Fortune Harbour and from highway road cuts. 
4' 
The mean concentration of elements in the upper and lower halves 
of the two sections, their sta~da~d deviations and the probability level 
at which they are different are presented in Table 5.5. It can be .. seen 
that althQugh differences between elements are significant at a high leve} 
of probability within the Roberts Arm and Fortune Harbour sections 
respectively, there are no consistent differences from one area to the other. 
Further analysis of the stratigraphically higher and lower groups 
by discriminant function analysis ' likewise did not show any consistent· 
differences in the samples correspondi~g to their stratigraphic position 
in the volcanic succession. 
• 
, 
·I 
I 
* - Loss on Ignition 
· ** - Probability that sjmples from the two groups fonn separate populations 
with respect to ea'Ch vari ab 1 e - for p ~ 95'1. 
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5.4 Lateral Variability Within The Gullbridge Ferruginous Chert 
· Concentrations of all elements in the Guflbridge ferruginous 
chert were plotted on a longitudinal section of this horizon in order 
to show any variations along strike . Most elements were found to be 
very evenly distributed within this horizon and few obvious trends ar~ 
developed. The only suggestion of a trend among the major elements is 
the slight tendency of K20 to increase frcxn south to north, possibly 
reflecting a slight relative enrichment in illite (Fig. 5.11). This 
trend is mirrored in the trace elements by Rb (see Sec. 5.3.1) and by 
Cu which shows a clear enrichment in rnany'samples of the northern region 
(Fig. 5.11). .. 
The concentration of Ba in this subgroup does not show any 
gradual trend but all Ba concentrations greater than 1500 ppm occur near 
the south end of the exposed horizon in the area of the Southwest shaft. 
Similarly, anomalously high Au values are restricted to the area inmediately 
south of the Gullbridge orebody (Fig . 5.11) . 
5. 5 Comparison with the Chemistry of Cherty and Ferruginous Sediments 
From Other Areas 
The average COOJposi tion of 253 chert and ferruginous sedimentary 
rock associated with the Upper Ordovician-Silurian volcanic succession in 
Notre Dame Bay {hereafter referred to as the Notre Dame Bay suite) is 
presented in Table 5.6 together with analyses of various modern a11 d ancient 
deposits analagous in chemistry. It can be seen from this table that while 
many of the world-wide sediment types possess some chemical similarities 
with the Notre Dame Bay suite. none are strictly comparable in all elements. 
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Tabfe S-6: C~rhon of present u11p1n with cnert and f•rr119l-.s s_,jl-ts f ro-
other u-us . / 
, ., 
' 
.._/ i 
4 6 8 9 10 11 12 13 ;,i -: 
FelOJ 7.61 3.40 7.04 6. 73 7 . 26 19 . 29 3. 38 4 . 53 J. 53 5.53 1.00 1. 43 .83 4.03 
yoz .24 0.59 . 75 .68 .25 . 21 . 17 . 28 .27 Tr. 
.20 .91 
.65 
SIOz 79 . 68 67. 36 55.~ 65.05 85 . 39 « . 11 84 . 64" 80 . 87 87 . 66 91. 1 86 . 515 79 . 92 80 . 65 53. 38 
CaO 2.08 1.74 . 72 2.06 .82 1. 96 . 63 l. 35 .38 .l2 2, 13 . 11 1.42 3. 12 
l4g() .83 2. 29 2 . 92 ' 3.08 1.12 3 . 85 . SAl l. 71 .61 . 71 .76 1 . 4 1.73 2 . 45 
~0 .99 2.15 2.65 3. 14 
.91 1. 17 1. 13 . 93 
. 10 1.110 3. 38 z. 35 l. Z5 
At2o.3 4.32 11.33 16.28 15.1 4. 57 4 . 40 5. 28 6. 55 4 . 47 . 78 1.90 7. 44 6 . 39 15. 47 
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. 35 .68 .83 2. 46 
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"•zO .61 1. 64 1. 18 1. 32 1. 00 .62 1.32 .OJ .41 . 55 .za 1 . 31 
~ MnO . 71 . 19 . 58 1. 29 .26 4. 79 . 52 . 51 
.22 
.12 . 06 . 06 . 12 Tr . .j:>o 
Zr .43 170 132 59 49 
S1 95 230 371 
2n 37 100 321 36 195 96 203 j 
,. Cu 14 370 350 130 979 139 1~ 33 21 
e. 35Z lOSO 141 6 1500 342 154 
Nl 34 3)0 295 43 1004 52 Jl 23 Z7 
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All modern sediments ha11e considerably lower concentrations of Si02 
and higher concentrationsof Al 203, MgO, K20, Na2o and FeO, with . the 
exception of the East Pacific metalliferous sediments which have 
si~lar Al
2
o3, Na2o and K2o concentrations but conside~ably higher MgO. 
The only modern sediments comp~rable in Fe2o3 concentration to the 
Notre Dame Bay suite are marine red clays, while siliceous and 
radiolarian oozes are considerably depleted and the East Pacific 
metalliferous sediments are considerably enriched in .this element, 
relative to the Notre Dame Bay suite . 
f--.. The major element composition of the various ancient and 
modern siliceous and ferruginous sediments listed in Table 5.6 are 
c001pared to the Notre Dame B,ay suite in Fig. 5.12. Most sediment types 
plot either near the Si02 apex, or within the low-iron trend defined ~Y 
the Fortune Harbour ancf part of e Roberts Ann Groups (Sec. 5_. 1.1). 
The only sediments to plot trend are metal1iferous 
sediments from the 
The trace el compositions shown in Table 5.6 indicate 
that modern pelagic deposits are considerably enriched in most trace 
elements relative to anc1ent lithified deposits. Trace element 
concentrations in red radiolarian chert reported by Bonatti , et al. (1976) 
exhibit the closest correlation with the Notre Dame Bay suite of all 
. reported sediment types. ' zn is depleted in the Notre D.ame Bay suite 
relative to most deposits. and copper is depleted relative to all exc~pt 
the Kuroko Ml and M2 mudstones. 
In comparison with Clark~ (1924) average shale, the Notre 
Dame Bay suite is considerably enriched ,in Si02, Fe2o3 and MnO, while 
• 
• 
-
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, 
being relatively depleted in all other major elements. However, relative 
to other ancient cherty sedimentary rocks; 'the Notre Dame Bay suite is 
considerably enriched in Fe2o3 and slightly enriched in cao and MnO while 
having similar t~ slightly lower concentratio~s of all other major elements. 
; I 
In spite of the overtll depletion of the aluminosilicate-related 
elements in the Notre Dame Bay suite relathe to Clarke's (1924) average 
sh~le. the sediment fraction containing these elements is chemically very 
similar to lutites from other areas. This is illustrated by Fig. 5.13 
adapted from MacKenzie & Garrels (197l)which compares world-wide lutite 
compositions with those of igneous rocks on the basis of Na
2
0/Al
2
o
3 
and 
~0/Al 20J. ratios. The plotted position of the avera.ge Notre Dame Bay 
sainples lies close to the general variation trend for fine-g'~ained 
sedimentary rocks, indicating that this fraction is composed of "nonnal" 
shaly sediment. The slight e~richment of Na2o in the Notre Dame -Bay sui te 
relative to most other ancient deposits probably reflects a volcanogenic 
origin for at least part of the detrital fraction. ~acKenzie and Garrels 
(1971) note that alteration of volcanic detritus consisting chiefly of 
plagioclase (Na, Ca, Al, Si) and pyroxene (Ca, Mg. Fe, Si) to an albite 
(Na, Al, Si), chlorite {Mg. Fe, Al, Si), epidote (Ca, Al, Si) assemblage 
results i n a relative depletion of Ca, Mg, and Fe and enrichment .. of Na and 
H2o in the end product. The Na2o content of the Notre Dame Bay suite, while (l 
being slightly enri~hed relative to ancient deposits, is considerably 
depleted relative to modern Pacific pelagic deposits which are formed 
dominantly of basaltic detrltus and plot high in the Na20-rich part of the 
diagr..-t {Fig. 5.13). This may suggest either that a portion of this 
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material in the Notre Dame Bay suite was derived from normal weathering 
and erosion processes or that a significant portion of the detrital 
component was composed of siliceous volcanic material carrying little 
plagioclase and no pyroxene which would tend to dilute the Na20-enrichment 
in these rocks relative to the Pacific pelagic deposits. 
The relation of this feature to the relative enrichment in Si02 
of the Notre Dame Bay suite is clearly shown in Fig. 5.14 adapted from 
MacKenzie and Garrells, (19Zl). M'ost samples from the Fortune Harbour 
and Gull Pond suites plot in a linear trend bounded at the low-silica 
end by the composition of the average Paleozoic shale and showing a 
progressive increase in Si02 content with relatively little change in the 
composition of the detrital fraction. The trends lie outside the field 
of modern siliceous sediments 1n an area of higher Sf02/Al 2o3 and lower 
(Na20+Ca0)/~0 values. Assuming that samples from the Gull Pond and 
Fortune Harbour suites were chemically analagous to modern siliceous 
sedi~nts at the time of deposition, it would appear that diagenesis and 
lithification has caused a shift in composition in the direction indicated 
by the arrows. This is consistent with the c001positiona1 changes during · 
chert development postulated by Berger and von Rad (1972) and von Rad and 
Rosch (1974) in which progressive chertificatian leads to a relative 
increase in the concentration of microcrystalline quartz and a corresponding 
decrease in the relative concentration of the various aluminosilicate 
minerals (see Fig. 2, 1). The relative decrease of (Na20+caO)/~O ratio may 
have been enhanced by post-depositional processes in which alteratipn of a 
detrital ~pmponent carrying plagioclase+ pyroxene t olivine to clay+ albite 
+ epidote wo1.1ld result in a loss of CaO (as well as Mg and Fe) while -~20 and 
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FIG. 5. 14 Chemical compositions of modern sediments compared with 
those of the present study on the basis of l~g (Si02/Al2DJ) and 
log (Na20+CaO)/K20 (after Mackenzie and Garrels , T97l}. 
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Na2o are conserved or gain slightly (MacKenzie and Garrels. 1971) .. The 
relative paucity of Na2o with respect to CaO resulted in its gain being 
,, 
masked by the quantitatively larger loss of CaO, with the net result 
being a decrease in (Na20+Ca0)!Kz0. 
, The trend of the Gull Pond and Fortune Harbour samples on this 
diagram includes both the average composition of 15 cherty sediments 
. 
reported by Pet ti_john ( 1959) and 3 Archean ferruginous cherts re·ported 
by Beukes (1973) suggesting that features illustrated by this diagram 
have general applicability. 
Samples from the Roberts Arm suite show considerably more 
·scatter on this diagram and approximately one half of the samples are 
enriched in (Na20+Ca0)/K20 relative to the Gull Pond and Fortune Harbour 
samples. This probably reflects the relatively higher CaO concentrations 
in the Roberts Ann suite (Table 5. 1) and suggests that these sediments 
were originally more calcareous than their counterparts in other areas. 
5.6 Surrmary of Results 
The principal chemical trends in the"""'chert and ferruginous 
sedimentary rocks associated with the Upper Ordovician-Silurian volcanic 
rocks of Central Newfoundland are st~ongly influenced by the mineralogy 
of these rocks . Three major components are commonly present in the roc~s 
which are represented by specffic major elements and are nonnally associated 
·. with specific trace elements. Concentrations of Si02 and Fe2o3 reflect 
the presence of quartz and hematite respectively while A1 2o3 , CaO, ~a. 
MgO, FeO and Na2o represent a detrital a111111nosilicate fraction composed 
• 
I 
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principally of illite, sericite, chlorite, epidote and albite. MnO 
appears tQ be corrrnonly present in a di.screte mineral phase and was 
probably orignally deposited in the Gull Pond and Fortune Harbour ~uites 
·as a manganese carbonate. In some cases, MnO may be present as a trace 
component of the aluminosilicate minerals. 
Trace elements, with the exception of Au and sometimes Ba, 
. 
are commonly associated with the aluminosilicate fraction and can often 
be related to specific minerals. 
The principal chemical trend in these rocks is a negative 
correlation of most components with Si02, which reflects the dilution 
of quartz by all other minerals. Relationships between elements associated 
with the aluminosilicate component are strongly influenced by the mineralogy 
of this component and can usually be related to the presence of specific 
minerals. 
The Gull Pond and Fortune Harbour suites are internally 
homogeneous but show distinct differences between themselves and with 
'. 
the relatively inhomogeneous Roberts Ann suite. Fe2o3 is relatively depleted 
in the Fortune Harbour suite as are Si02, MnO, Ba, and~u in the Roberts Arm 
suite and m·ost of the aluminosilicate-related elements in the Gull Pond suite. 
Green sedimentary rocks in the present st~dy are chemically 
distinguished from their ned counterparts by a relative depletion in Fe2o3 
and a relative enricbnent in elements related to the al1.111inosilicate 
component. Bedded s~dimentary rocks in the Roberts Arm suite are enricAed 
in the aluminosilicate-related elements and slightly depleted in Fe2o3 
relative to lithologically simihr rocks present in ·pillow ·interstices in 
the volcanic rocks. 
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There is no consistent variation in the chemistry of these 
sedimentary rocks according to their stratigraphic position, ind icating 
that neither the progressive chemical development of the related volcanism 
nor the changing bulk chemistry of the associated volcanic rocks sub~tantially 
influences their chemical composition. 
A continuous ferruginous cnert horizon in the Gull Pond area 
which is spatially related to two volcanogenic base metal sulphjde 
deposits shows distinct chemical differences from other similar lithologies 
in this area , being enriched in Fe2o3, MnO and Ba and sl ightly enriched in 
Au . This horizon displays no lateral chemical trends except for a slight 
enrichment of K20, Rb and Cu from south to north. Maximum concentrations 
of Sa and Au occur proximal to the Southwest shaft and Gullbridge deposits 
respectively. 
The sedimentary rocks of the present study exhibit chemical 
similarities with modern and ancient chert and ferruginous sediments f rom 
other areas but are strictly comparable to none. They are enriched in 
Si02 and Fe2o3 and depleted in most other major elements relative to recent 
marine sedimQnts, and enriched in Fe2o3 relative to simi lar ancient deposits . .. 
The aluminosilicate fraction is similar in bulk compos i t'ion to lutites from 
other areas and the dilution of free quartz by this fraction produces 
,_ 
compositions similar to those of chert and ferrug i nous sediments in ancient 
marine vo 1 can i c envi ronments. 
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CHAPTER 6 
GENESIS OF CHERT AND FERRUGINOUS SEDIMENTS IN CENTRAL NEWFOUNDLAND 
6. l Introduction 
The qeochemical, petrologic and field evidence presented in 
previous chapters leads to a number of conclusions concerning the genesis 
of the chert and ferrug~nous sedimentary rocks associated with the Upper 
Ordovician-Silurian volcanic sequence of Central Newfoundland. This 
·' chapter summarizes these conclusions, suggesting sources of the various 
components in · these rocks and presenting an i nterpretation of the 
environmentdl conditions preva i ling during their deposition and diagenesis. 
6. 2 Source of the Sedimentary Components 
6.2.1 Si02 
The evidence that most, if not a l l, of the non-detrital 
quartz in modern and ancient chert and siliceous sediments from va-rious 
areas is of biogenic origin (cf. Sec. 2.2) can be successfully applied 
to siliceous lithologies studied during the present project. The 
sporadic presence of radiolarian remains in various stages of decomposition 
in the bedded deposits may indicate that radiolarian tests were co11111on 
constituents of the original sediment and that their dissolution supplied 
large amounts of silica to interstitial waters during diagenesis (Wise 
/. 
and ~eaver, 1974). 'Additional silica may have been supplied in the 
subsurface through the breakdown of volcanic debris, but its quantitative 
importance cannot be assessed. The precipitation of cri stobalite and its 
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inversionto quartz in the manner suggested by Heath and Moberly (1971) 
is considered to be the most likely mechanism for the fonnation of 
non-detri~al quartz inthe siliceous lithologies of the present study. 
Corliss (1971) suggested that in areas of active volcanism, 
sea water circulating in recently extruded basalt waul d become heated 
and enriched in a nl.ITlber of components, one of them being iron. He noted 
that these metal-enriched solutions could be expected to precipitate a 
ferric hydroxide floc upon their discharge into the marine environment 
which would either settle in topographic lows near the discharge point 
or be widely dispersed, depending on the presence of bottom currents. 
Spooner and Fyfe (1973), noting that metamorphic paragenesis of ophiolitic 
rocks in East Liguria indi.cated temperatures of up to 400°C as shallow as 
300m below the original rock-water interface, presented a model of 
sub-sea floor metamorphism and mass transfer involving the circulation 
of sea water in the heated rocks. They suggested that hEll!latite in 
ferruginous chert overlying the volcanic assemblage was formed from iron 
which was leached from the underlyi ng basalts by heated sea water and 
subsequently p_reci pi tated as hydrous ferric oxides upon the discharge of 
these waters into the marine environment. Recent experimental investigations 
o of the leaching of basalt at elevated temperatures (Bischoff and Dickson, 
1975; Hajash, 1975) confirmed that substantial enrichment of iron as well 
as other elements in the aqueous solution could be accompl ished by this 
mechanism. 
, The distribution of Fe2o3 in the Roberts Arm, Fortune Harbour 
and Gu(l Pond suites indicates that similar processes of iron enrichment 
i 
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were operative during deposition of these sedimentary rocks. The highest 
Fe
2
o
3 
concentrations are present in the Robert s Ann suite where the 
ferruginous sedimentary rocks are coltmonly hosted by mafic rather than 
s i1 i ceous volcanic rocks and where the mafic volcanic sequence is by far 
the thickest o~he three areas. It is inferred that this relativel y 
1 arge. mafi ~nic mass contributed correspondingly 1 arge amounts of 
iron to subsurface hydrothennal water and this is reflected in the 
composition of the resulting chemically precipitated sedimentary rocks. 
Similarly, the relativ~ly iron-rich Gullbridge ferruginous chert 
occurs irm'lediately above a thicl< basal basaltic sequence which is inferred 
to be the source of iron tor thi.s unit. 
The ferruginous sedimentary rocks of the Gull Pond mixed 
subgroup and the Fortune Harbour suite are coiTITIOnly ·hosted by silici c 
pyroclastic rocks and the.ir relative paucity of Fe2o3 may reflect in 
part the relatively iron-poor volcanic sequence which hosts them and . 
which fanned the i r subsurface during deposition. 
6.2.3 Ti02 , CaO, K20, MgO, FeO, Na2o, Al 2o3 
These .elements occur in aluminosilicate mi ne rals which are 
dominantly of detrital origin. The composition of the detrital fraction 
suggests that th is material is chemically comparable to "normal" shaly 
sed1ment but wi th ~disti.nct Na- enrichment, suggesting that it is 
dominantly composed of volcanic debris rather than the products of 
weathering and erosion . Possible sources for this material include 
water-borne tuff and 'previously depo; i ted bottom sedinient redi s tributed 
by bot tom currents , 
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6.2.4 MnO 
' -
Manganese may be introduced in substantial quantities into 
\~he submarine environment by the same mechanisms responsible for the 
introduction of iron (e.g. Corliss, 1971; Fyfe and Spooner, 1973; 
Bischoff and Dickson. 1975; Hajash, 1975) and the positive correlation 
of MnO and"Fe2o3 in the Gull Pond suite suggests that, at least in ,this 
area, such mechanisms were operati~~e. The two elements may become 
strongly fractionated, depending on Eh conditions either in the subsurface 
or in the marine environment (Krauskopf, 1957; Bonatti et al., 1976) and 
this may account for their lade of corre 1 ati on in the Roberts Ann and 
Fortune Harbou~ suites (see also Sec: 6.3). 
6.2.5 Trace Elements 
Generally low trace element concentrations and the correlations 
they display (Sec. 5.3.1) indicate that most were supplied to these 
sedimentary -rocks dominantly by the detrital fraction. 
Ba is re 1 ati vely enriched in the Fortune Harbour and Gull Pond 
suites relative to the Roberts Ann suite, .coinciding with the relative 
abundance of Ba~rich silicic volcanic host rocks in the fanner suites. 
Chemical evidence suggests that Ba enrichment in the former two suites 
is not related to detrital supply implying a leaching of Ba in the 
subsurface, followed by its precipitation as a discrete mineral phase 
in the sutxnar; ne sedimentary environment. 
Gold is likewise enriched in the Gull Po~d and Fortune Harbour 
suites and the l.ack of chemical correlations displayed by this element 
suggests that it too was supplied by hydrothennal solutions. 
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6 . 3 De os i t i on a 1 
Fortune Harbour 
and Gull from relatively pure chert to 
si li.ceous and/or ferruginous shale and tuff. They oc<:ur as small, 
discontinuous, conformable lenses within the Upper Ordovician-Silurian 
sequence suggesting that they \'iere originally deposited in topographic 
depressions in the volcanic sequence. They are commonly intercalated 
with tuff and, less colliTIOnly, with chloritic sediments and graded 
turbidite deposits, and while OCC!Jrring dominantly within silicic 
pyoclasti c sequences in the Gull Pond and Fortune Harbour suites. they 
are commonly hosted by mafic pillow lava in the Roberts Arm Group. 
The chert and ferruginous se-dimentary rods are COfiiTionly 
1 aminated 011 a scale ranging from 1 mm to several centimeters, mainly 
due to the differential concentration of hematite and, less cOfiiTionly. 
' tuffaceous and/or clastic material. The more shaly members sometimes 
·:'\ 
display evidence of current reworking but these effects are rarely seen 
in highly siliceous and/or ferruginous members. Internal structures in 
the latter reflect only slight readjustments probably due to initial slope 
instability .and/or density contrasts between 1 ayers. 
The depth of water duri ng deposition can be inferred from 
other geological evidence. Kanmera (1974) suggested tha.t the prej'tnce . of 
silicic pyroclastic rocks interbedded with chert in the Paleozoic-MesoZoic 
volcanic.sequenGe of .Japan indicated a water depth during de~"1ition of 
less than 500 m. Similar lithologies associated with the chert and 
ferruginous sediments in Central Newfoundland suggest ~t / similar 
• 
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interpretation is applicable i,n this area. Strong (1973} suggeste~ 
that pillow size and vesicularity in the Roberts Arm Volcanics 
indicated that relatively shallow water depths prevailed during their 
extrus.ion. reinforcing the above 1nterpretation. 
Relatively rapid deposition of the bedded sedimentary rocks 
is inferred from the following consider~tions: 
1) Rapid clastic sedimentation and pyroclastic deposition 
,., 
in an active island arc environment would tend to dilute slowly 
accumul11ting chemical sediments (e.g. Kanmera, 1974; Oickensnn, 1974; 
Garrison. 1974). 
2) Low heavy meta 1 contents in anal agous_ sediments are 
interpreted. by Bonatti et al. (1972) to be .characteristi c of rapidly 
deposited hydrothennal deposits because slow precipitation of iron and 
manganese hydroxides would result in extensive scavenging of heavy 
metalso from the sea water. Figure 6.1 illustrates that on the basis of 
heavy metal versus iron and manganese content, these rocks fall within 
the rapidly deposited, hydrothermal field of Bonatti et al. (.197Z). 
3) Rapid accumulation of large amounts of ferruginous sediment 
has ' been observed in modern, hydrothermally-supplied basins (e.g. Zelenov. 
1964; Butuzova, 1966; Bonatti et al . , 1973 ). 
Geochemical conditions prevailing in the depositional basins 
during sedimentation are reflected in the oxidation state of iron and in 
the Mn/Fe ratio (Krauskopf, 1957) . . Hematite (Fe2o3) is the prepond~rant 
iron minera 1 in the chemica 1 sedimentary rocks of Central N~foundland. 
The following considerations suggest that ferric compounds were the 
original precipitates and that little or no reduction of this iron was 
accomp 1 is hed during diagenesis : 
. 
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(Ni+Cu+co*J XlO 
~- E4at Pacific Ai .. metatliferout "dimentt 
o - Ae~nt ·hyc:Jtothermal deposits 
,-'-Red S~a matalllleroua sedim~n.ts 
• -Presen' study; 1-Roberts Arm 
2-Fortune Harbour 
3-Gull Pond 
* -co,, not determined for pr.e~ent study 
FIG. 5. 1 Clas~ification of hydrothennal· and hydrogenous ferromanganese 
deposits according to Fe/Mn/(Ni+Cu+Co} ratio (after Bonatti et al., 1972) . 
Note that al~hou~ Co was not determined during the present study, it 
would have to be etn•i ched by more than a factor of lO to cause these 
samples to_. plot outside the hydrothermal field, a circumstance that 
data of o,ther workers {e.g . Audley-Charles, . 1965~ Sayles and Bischoff, 
1973; sq.natti et aL·. 1976} suggest is highly unlikely. 
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1) Curtis and Spears (1968) showed that the only iron 
compounds in equilibrium with sea water in the marine environment are 
hematite and other ferric compounds, although ferrous iron compounds 
may attain ,equili~rium with po're waters of the underlying sedimentary 
mass (Fig. 6.2). Thus, iron will precipitate in the marine water 
column only in ferric compounds. 
2) There is no textural or other evidence to suggest 
that· hematite in the present study areas formed by the oxidation 
or replacement of ferrous compounds. 
3) James and Howland (1955) suggested that original 
Fe
3
+/Fe2+ ratios are retained in sedimentary rocks even to high grades 
of metamorphism, Thus the oxidation state of iron in the present 
rocks has probably not been affected by either the dominantly 
. 
greenschist or lower regional. metamorphic grade or by the somewhat 
more severe thermal metamorphism in the Gull Pond area. 
4) In most modern submarine iron-precipitating localities, 
ferric hydroxides fonn thed>served iron-rich sediments (e.g. Zelenov, 
1964; Ferguson and Lambert, 1972; Bonatti et al.. 1973). 
5) The experimental evidence of Bischoff and Dickson (1975) 
and Hajash (1975) indicates that sea water will become increasingly 
acidic through reaction with basalt at-elevated temperatures. Upon 
discharg~ of these waters into the marine environment, mixing with sea 
water will resylt in an increase in. their pH up to a maximum of about 8 . 
. It cJh be seen from Fig. 6.3 that in the presence of amorphous 
silica. hematite is the stable iron mineral at pH lessthan 8 dcwn to a 
minfm1111 Eh of approximately -0.2. 
\ 
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FIG. 6.2 Stability of iron min~rals as a function of En and activity 
Hs-, UPPER : pH=B, aHCO - =lo-3• 5 , solid stability at Fe2-t:< lo-6, i.e. 
comparable with marine
3
depositional waters;_ LOWER: pH=7,aHco
3
- -. lo-2.5, 
s. olid stability at Fe2+.c 10-3, i.e. comparable to conditions in bottom I . 
sediments with restricted pore water circulation (after Curtis and 
Spears, 1968). 
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FIG. 6. 3 Eh-pH diagram showing st~bility fields of iron oxides and 
uon nletasilicate- at 25_?C, l atmosphere and in the presence of water 
and solid silica glass (after Garr~ls and Chr"ist, 1965). 
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The above factors suggest that most.of the hematite-bearing 
sedimentary rocks studied during ~he present project were formed under 
oxidizing to mildly reducing conditions and that these conditions 
normally prevailed until such time as the iron compounds were fixed 
in the sediment. 
This int~rpretation~can be ·extendad to the green (i.e. 
·hematite-poor) cherts of the. Roberts Ann and Fortune Harb.our ·areas even 
though ~heir Fe3+/Fe2+ ratios are considerably lower than in their red 
counterparts. Table 5.2 s,hows that the Fe3+ concentrations are similar 
in both lithotypes an~ geochemical evidence presented in Sec. 5.3.1 
2+ 
suggests that Fe is dominantly present in chlorite and was contributed 
to the original sediment in the detrital fraction, 3+ 2+ 'Phe low Fe · ;Fe 
ratio in the green rocks thus results frQm a paucity of Fe3+ :supply 
rather than the red\Jction of hematite to ferrous silicates during dfagenes is 
and does not demand that diffqent Eh conditions be pos tul at'ed for the 
two 1 tthotypes. 
Locally more reducing conditions during deposition of the 
Gull Pond mineralization subgroup .are indicated by minor amounts of magnetite 
in small potls near the top of this horizon. 
Oxidizing conditions in the depositional basins are also 
suggested by the presence rf significant amounts of manganese which 
geochemical evidence suggests was originally deposited as martganese · 
carbonate (Seer;. 5.3.1). A comparison of figures 6.4 and 6.5 shows that" 
rhodochrosite (MnC03 ) is stable over a wide/ range of Eh and pH values in 
the presence of abundant co2 and that for ih )Q and pH> 6. its stability 
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Fe20 3 
' FIG. 6.4· Eh-pH diagram showing stability fields of cc.Jnmon iron minerals 
for (FeZ+) = 10-6M and [Fe2+) = 10- M. Total activ'fty dissolved 
carbonate is lM and of dissolved sulfur is 10-6M (after Garrels and 
Christ, 1965) . 
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FIG. 6.5 .,fh-pH diagram showing stability fie l ds of c00111on manganese 
minerals for ( MnZ+ J = 10-~ and [Mn2+ J = 10-~. Assumed 
concentrations as in Fig. 6.4. Dotted l ine outl ines MnC03 stability 
field for when total ca~bonate equals 0.001M. (after Garrels and 
CHrist. 1965 and Krauskopf. 1967) . 
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field overlaps that of Fe2o3 . Fig. 6.5 also indicates that for decrea.sing 
co
2 
activity, the stability field of thodochrosite becomes smaller and 
at very low C02 concentrations (dotted line), manganese minerals will not 
precipitate in the normal range of marine environments except in the 
presence of very high mangartese concentrations (Krauskopf. 1967}. 
The Mn0/Fe2o3 ratios for the Gull Pond mixed subgroup and 
the Fortune Harbour suite are considerably higher than those in the 
Gull Pond mineralization subgroup (excluding three highly mang_aniferous 
samples, see Sec . 5.2.2) and the bedded deposits of the Roberts Arm suite 
(Table 6. 1). The separation of iron from manganese may be accomplished 
at almost any stage in the chemical development of hydrothennal fluids 
due to the mob1lity of manganese relative to iron in solution, especially 
under conditions which arenotstrongly oxidizing (Krauskopf , 1957) . 
•• 
Although Krauskopf (1957) suggested that iron and manganese are co~only 
leached from basalt in a~proximately their original proportions, recent 
experimental evidence (Tables 6.2 and 6.3) suggests that at moderately 
elevated temperatures (i . e. up to 400°C), sea water reacting with basalt 
will acquire a substantially higher Mn/Fe ,ratio than was present in the 
source rocks (Bischoff and Dickson, 1975; Hajash, }975). At temperatures 
• 
as high as 500°C, a considerably lower Mn/Fe ratio may result (Table 6.2). 
During ascent of the metal ~ charged solutions, partition of iron and 
manganese may occur in the subsurface resulting from the deposition of 
pyrite under reducing conditions in whi ch 'lllanganese is highly mobile 
(e.g. Bonatti et al., 1976). Upon thei r discharge on the sea bottom, the 
mobility of manganese relative to iron may carry it beyond the i nitial 
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) TABLE 6. 1 
MEAN Mn0/Fe2o3 RATI OS FOR CENTRAL NE\oiFOUNil_AND 
CHERT AN D FERRUGINOUS SEDIMENTS 
..... 
Gull Pond Mineraliza t ion 
Subgroup 
Gull Pond Mi xed Subgroup 
Roberts .~nn Bedded Subgroup 
Roberts ~rm Interpillow 
Subgroup • 
Fortune Harbour Suite 
9.48 
3.55 
l 0. 02 
ll . 83 
3.42 
MnO % 
.45* 
. 65 
.45 
. 05 
• 43 
* excludes three hig h ly manganiferous sampl es in this subgroup 
·""-" • , ,.. ... ' ~ - ·• ••··.Oo..-•r -• ,_,,..,,.. _ _  ....... ~------------
.05 
• 18 
.04 
.004 
. 13 
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TABLE 6. 2 
CHAAGES IN Mn/Fe RATIO IN SEA WATER WITH TIME THROUGH 
REACTION WITH BASALT AT ELEVATED TEMPERATURES 
Initial Comp . of basalt: Fe 2o3 3.68%, MnO = . 17'1, , Mn03Fe2o3 = .67 
Fe Mn 
Time ~ ~ Mn/fe 
Changes in initial 24 hr. 15 10 .67 
sea water with time 212 hr. 35 25 . 71 
' 
at 200 c and 5.00 L • 552 hr. 28 35 l. 21 
bars 785 hr. 33 32 .97 
2928 hr. 16 17 l. 06 
\ 4752 hr. 5 ; S · l. 00 
Data from Bischoff and Dicks on (1975 ) 
l 
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TABLE 6.3 
CHANGES IN Mn/Fe RATIO IN SEA WATER THROUGH REACTION WITH 
BASALT AT INCREASING TEMPERATURES 
Initial C001p. of Basalt : Fe2o3 = 7. 15%, MnO = 12%,, Mn03 Fe2o3 = 
Sample # Pressure Time Fe Mn 
.02 
Changes 1n (bars) (days) ~ ~ 
{nitial sea water 20 500 6.3 . 4"~ 
.26 
w1th incr. temp . 18 500 5. 8 .4 .27 
19 700 4.8 3 . 6 4. l 
21 800 3.3 1057 90 
Data f rom Hajash (1975) 
Mn/Fe 
.65 
.68 
1. 14 
.09 
' 
1 
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J 
! 
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iron-precipitating_ localities perhaps resulting in a facies gradation 
in the precipitate of increasing Mn/Fe values away from the discharge 
vent (e.g. Krauskopf, 1957; Butuzova, 1966). Finally, reducing 
conditions in the interstitial waters of the sediment during diagenesis 
may result in remobilization of previously deposited manganese and its 
subsequent migration out of the system. 
It is evident that there are too many unknown variables to 
explain with certainty the variation in the Mn0/Fe
2
o
3 
ratio in the 
present study areas. 'It is suggested however that the association of 
the Roberts Ann bedded deposits and the Gull Pond mineralization subgroup 
with dominantly basaltic sequences and especially the presence of a 
pervasive sulfide-rich zone underlying the latter '"'"'u·~ 
hydrothenna 1 fluids in these a-reas waul d probably been more 
manganese-rich than those feeding the Fortune r suite and the Gull 
Pond mixedl subgroup. The variation in this thus probably results 
from differing en vi ronmenta 1 
or early 
diagenesis by one or both of the following 
l) Relatively lower Eh conditions may have prevailed at the 
depositional sites of the Roberts Ann suite and the mineralization subgroup, 
resulting in manganese being removed from the system. This is supported 
by the previously noted local occurrence of magnetite pods in the latter 
deposit. 
2) High@~ co2 activity in the depositional basins of the Gull 
Pond mixed subgroup and the Fortune Harbour suite with an attendant increase 
in the Mnco3 stability field (fig. 6.5) could have led to the deposition 
. . . ····- · . ··· ·· ···- ···· ·· ·-. - __ ,. . -. .........,___ .. ~: 
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of rhodochrosite under Eh conditions similar to those prevailing at 
the depositional sites of their manganese-poor counterparts. 
6.4 Deposition of lnterpillow Ferruginous Chert 
Petrographic evi~nce presented in Section 4.4.2 is inconclusive 
as to whether the interpillow ferruginous cherts pre- or post-date extrusion 
of the lavas - i.e. whether pre-existing sediments were squeezed into the 
pillow interstices during lava extrusion o_r whether the sediment later 
filled pre-existing interpillow voids. However, the paucity of Ti02 , Na2o 
and most trace elements in these rocks strongly suggests that they were 
deposited in the subsurface removed from the mar€ or less continuous 
detrital sedimentation occurring on the sea floor. In addition, the 
extremely high Fe203/Mn0 ratio in these rocks (Table 6.1} argues for a 
depositional environment substantially different from their bedded counter-
!)arts. It is inferred that the interpillow ferruginous chert post-dates 
the h~tin~ pillow lavas and was deposited -dominantly by heated, metal-rich 
solutions circulating in the subsurface. Deposition was probably caused by 
mixing of the hydrothermal solutions with sea water already present in the 
interpillow voids. The resultant cooling of these solutions accompanied by 
increases in both pH and Eh probably led to the precipitation of ferric . 
hydroxides and possibly quartz (cristobalite?). 
Some circulation of relatively unaltered sea water is implied by 
the fact that conditions ; n the voids never became reducing enough to reduce 
Fe3+ to Fe2+ b"ut its circulation was apparently not great enough to create 
an environment sufficiently oxidizing to allow extensive precipitation of 
mangan!se. 
. ·-·~- ·· · ·· ···- - .. ·-··-- -. ... _ ..... . ___ __ ..
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6.5 Conclusions 
The following conclusions concerning the genesis of the Upper 
Ordovician-Silurian chert and ferruginous sediments in Centra·! Newfoundland 
are inferred from the present study: 
l) The bedded deposits were fanned fairly rapid·ly in local sea-
floor topographic depr~ssions during periods of relative volcanic' 
quiescence. Relatively quiet bottom conditions prevailed in the 
depositional basins but regional instability is indicated by periodic 
turbidity deposits. 
2) tnterpil-low ferruginous chert was precipitated in the 
pillow interstices by circulating iron and silica-ri'ch solutions probably 
in response to mixing with relatively unaltered sea water. Post-depositional 
brecciation was probably accomplished by later minor readjustments of pillow 
geometry. 
3) The bedded sedimentary rocks are formed from elements 
contributed by biogenic. hydrothermal and detrital sources as follows: 
i) Si02 was contributed principally through the dissolution of opaline 
(radiolarian) tests and non-detrital quartz was probably formed in the 
manner suggested by Heath and Moberly (1971 ). An additional contributi on 
of silica through the breakdown of volcanic debris is inferred but its 
quantitiv~mportance cannot be assessed. 
ii) Fe2o3 • MnO. Ba and Au were .introduced to the depositional environment 
principally by metal - rich hydrothennal fluids. Mixing of these waters with 
sea water resulted in precipitation of ferric hydroxides which accumu.lated 
in nearby topographic depressions. Manganese may have also precipitated as 
I 
l 
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hydroxides but was present in the sediment dominantly in carbonate 
minerals. The mineralogic disposition of Ba and Au is not known but 
.. 
it is inferred that these elements fonned discrete mineral phases close 
to their discharge vents. 
" 
iii) Ti02 , CaO, ~a2o,· FeO, Mgo. K20,_ A1 2o3 and most trace elements were 
. 
contributed dominantly by detr.ital material", probably mainly of tuffaceous 
origin. 
4) The predominance _of hematite. as the iron-bearing phase 
suggests the prevalence of ox'idizing to mildly reducing conditions during 
deposition and diagenesis of these sediments . Green, hematite-deficient . 
chert does not necessarily reflect reducing conditions but may have 
fanned during periods of suspended fumarolic activity when little 
hydrothermally-supplied iron was available. 
5) Differing Fe203/Mn0 ratios suggest that s;ightly different 
environmental conditions existed in different areas. T~e Roberts Arm 
bedded deposits and the .Gull Pond mirkralization subgr;up appear to have 
been deposited )n a somewhat more reducing and/or co2-defident environment 
than those in the Fortune Harbour suite and the G'ull Pond mixed subgroup. 
. ·~ 
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CHAPTER 7 
ECONOMIC SIGNIFICANCE 
7.1 Introduction 
Hutchinson (1973} noted that massive sulfid~ deposits iA _marine 
volcanic rocks from a variety of geologic times and various tectonic 
settings display a number of unifying characteristics, one of which i.s the 
comnon presence of overlying thin, silic_eous, iron- and manganese-rich 
sedimentary rocks. This feature is evidenced in the:~~se of the Gullbridge 
and Southwest shaft volcanogenic copper deposits (Upadhyay, 1970; 
/ 
Upadhyay and Smitheringale, 1972; Swinden, 1975) by the Gu11bridge 
ferruginous chett horizon, a remarkably continuous unit which overlies and 
extends beyond the two deposits along a strike length of over 10 km 
( Swi nden, 1975). 
A principal objective of the present study was to attempt to 
relate the chem~cal composition of the Gullbridge ferruginous chert to 
·the underlying mineral deposits and thus perhaps develop a useful tool for 
mi nera 1 exp 1 oration in similar geo 1 og i cal situations •' Accardi ng 1y, the 
I 
chemical data was analxzed in a search both fbr a chemical signature which 
would. uniquely distinguish this unit from similar lithologtes within the 
• volcanic sequence and for lateral variations within the horizon which would 
. •.: .... ~ 
indicate proximity to the underlying mineralization . 
. This chapter briefly sumarizes. the occurrence of siliceous and 
ferruginous sedimentary rcicks associated with massive sulfide deposits in 
various geologic settings, with emphasis on attempts to· use these rocks 
. 
in mineral exploration and presents conclusions reached during the present 
study concerning the similar application of the geochemistry of the 
Gullbridge ferruginous chert horizon • 
. , . . : 
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7.2 Siliceous and Ferruginous Sedimentary Rocks Associated with 
Volcanogenic Massive Sulfide Deposits 
• 
"Exhalative" iron fonnation related in time and space to. 
volcanogenic massive sulfide deposits has been extensively documented 
in the Archean greenstone belts of the Canadian Shield (Ridler, 1970; 
Hutchinson et al., 1971; Goodwin and Ridler, 1970; Ridler, 1971; 
' 
·Hutchinson, 1973) and the siRlilarities between these deposits and 
• 
those of the present study have been previously noted (Sec. 2.4). 
Hutchinson et al.(l971) proposed that this spatial relation was also 
a genetic one and that discharge of hydrothennal fluids from fumarolic 
vents at basin centers resulted in successive facies of chemical 
sediments ranging in general from proximal massive sulfide deposits and 
sulfide facies iron formation to progressively more distal exhalative 
carbonate and oxide facies iron fonnation (see Fig. 2.6). Ridler (1971) 
suggested that recognition of the exhalative facies throughout the 
greenstone belts would provide a powerful regional exploration tool in 
~ 
the search for massive sulfide deposits in th~t the ae'real extent of the 
sulfide facies delineates ~ paleoenvironment favourable for massive sulfide 
deposition. 
Phanerozoic massive sulfide deposits) are typically associated 
with epi clastic sedimentary rocks rather than chemically precipitated 
chert and iron formation (Hutchinson, 1972) but good examples of the 
latter have been documented in the Bathurst, New Brunswick mining camp 
(McAllister. 1960; Davies, 1972; Whitehead, 1973). The massive sulfide 
deposits in this area are Lower to Middle Ordovician in age and occur 
in pods or 1 ens es occupying topographic depressions which are often 
" · ... 
~ 
I 
I 
' 
I 
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.. 
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ed and overlain by thin layers of various facies of iron formation 
, 1972~ Whitehead, 1973) . Whitehead (1973) noted that the Mn/Fe 
ratio in the iton formation tends to increase away from the sulfide 
deposits at the Heath Steele mine and suggested that this indicates a 
progressive change from reducing conditions in the · basin center {the 
site of sulfide ·deposition) to more oxidizing conditi.ons at the basin 
margins. 
"Kuroko-type" massive sulfide depos i ts oqMiocene age in Japan 
are associated with felsic domal centers in an island arc en\Urpnment and 
are sometimes directly overlain by a thin bed of ferruginous chert 
(tetsusekiei'bed) followed by one or more siliceous mudstone horizons 
r; 
interbedded with the hanging wall tuff (Horikoshi, 1969~ Lambert, 1973 (Fig . 7.1). 
Lambert (1973) noted that anomalously high concentrations of Zn, Cu and Pb 
\ ~ 
are occasionally present in the mudstone and attributed this feature to 
the local di~charge of post-ore, metal-rich solutions i n the depositional 
basins. Tono (1974) showed that Ba, Zn, Cu and Pb were locally enriched in 
the mudstone overlying the ~tsumine deposit but while attributing this 
feature to the effects of mineralization, did not speculate as to whether 
the cause was contemporaneous hydrothermal activ i ty or post-depositional 
migration of the metallic ions . 
Massive . sulfide deposits in the Troodos ophiolite canplex.in 
Cyprus are commonly overlain by a ferruginous, manganiferous, metalliferous 
horizon (umber) which is i n turn overla)n by red jasper, siltstone and 
radiolarian chert apparently lithologically similar to the Gullbridge 
ferruginous chert. As at Gullbridge, these units are often separated fr001 
~ 
the ore horizon by post-ore volcanic rocks . Constantinou and Govett (1972) 
., 
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showed that there is a sharp increase in CJ and Zn concentrations in the 
umber close to the mineral depo~ its as compared with umber away from the 
mineralization. 
Robertson and Hudson (1974) noted that the radiolarites and 
related r~ks commonly directly overlie the umber and proposed a genetic 
link between them, suggesting that the hydrothermal solutions which fed 
the umber also contributed, by virtue of their high silica contents, to 
the preservation of the radiolarite. 
7.3 Application of the Present Study to Mineral Exploration 
The spatial association of ferruginous chert with volcanogenic 
copper deposits at the Gullbridge mine raises the possibility that 
conditions which resulted in ore deposition may also be reflected in the 
chemical composition of the ferruginous chert. The search for geochemical 
anomalies in the ferruginous chert can be approached from two angles: 
1) A regional approach in· which a chemical signature is sought which 
uniquely distinguishes this unit from other similar lithologies unrelated 
to mineralization; this approach has been used with some success in volcanic 
rocks to distinguish those which host sulfide deposits from those which are 
barren (e.g. Davenport and Nichol, 1972; Govett and Pantazis, 1971; 
Thurlow, 1974); 2) A detailed approach in which lateral chemical 
variations are sought within the ferruginous chert which reflect the loc~tion 
of the underlying mineralization; this may be caused either by the concentration 
of particularly insoluble components near the fumarolic vents during deposition 
or by later dispersion pf elements out of the mineralized zone into the overlying 
• • 
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rocks. The latter mechanism has been credited with fanning trace element 
haloes in rocks overlying sulfide deposits from a variety of areas (e.g. 
Whitehead and Govett, 1974; Goodfellow, 1974; Gale, 1969). 
The first of the above approaches is predicated on the 
ass1.,lllll)tion that the hydrothennal fluids which contributed in part to 
the ·formation of the ferruginous chert are related to those which took 
part in the mineralizing episode, either by being post-minerali~ation 
exhalations of the residual mineralizing fluids or by having passe~ 
~hrough the sulfide-rich fumarolic vents at a later time, thus acquiring 
a distinctive chemical signature. It follows that meaningful chemical 
differences between the Gullbridge ferruginous chert and those horito~s 
. ' 
unrelated to mineralization shou1d be ~ought in those elements which are 
inferred to have been co11tributed by hydrothermal processes. viz .' Fe2o3 , 
MnO, Ba and Au. 
Table 7-1 presents a comparison of the mean concentrat~ons of 
Fe2o3 , MnO, Ba and Au in the Gullbridge ferruginous chert with those from 
the Fortune Harbour and Roberts Arm suites and the Gull Pond mixed subgrGup. 
All of these elements are seen to be moderately to highly enriched in the 
fonner horizon relative to the others with the exceptfon of F~2o3 which 
has ccmparable concentrations in the Roberts Ann suite. Figure 7-2 shows 
that w1th respect to the covariation of Ba and Au with F~2o3+Mn0, the vast \ . 
majority of the samples unrelated to mineralization fall in the area under 
a smooth curve. reflecting the fac~ that while some s~ples may be 
· enriched ,; n one or the other of these elements, few carry anomalous amounts 
of more than one. However, almost half of theGullbridge . ferruginous 
• 
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TAB,LE 7. 1 
MEAN CONCENTRATIONS OF Fe2o3, MnO, Ba AND Au FOR SELECTED GROUPS 
Gullbridge 
ferruginous chert 9.48 
Gull Pond ro i xed 
subgroup 3.55 
Roberts Arm 
suite 9 . 89 
Fortune Harbour 
su i te 3. 42 
MnO % Ba (ppm) 
1.99 604 
. 65. 239 
. 22 235 
.43 458 
Au (ppb) 
71 
53 
20 
67 
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. TABLE 7.2 
NUMBER OF SAMPLES PLOTTING OUTSIDE THE SMOOTH CURVES IN FI G. 7.2 
I 
No. 
Gullbridge 
ferruginous chel'"t 
Gull Pond 
mixed subgroup 
Roberts Ann 
bedded subgroup 
Fortune Harbour 
suite 
Total (2-4) 
. 
' 
Gull.bridge 
ferr~gi nous chert 
Gull Pond 
mixed subgroup 
Roberts Ann 
bedded subgroup 
Fortune Harbour 
suite 
Total { 2-4) 
) 
Fig. 7.2 (Ba) 
o{ Samples 
39 
35 
115 
53 
203 
Fig. 1.2 (Au) 
32 
33 
76 
47 
188 
No. of Samples 
Outside Curve 
16 
0 
4 
2 
6 
17 
3 
2 
3 
8 
%of Samples 
Outside Curve 
41 
3.5 
3.8 
3.0 
53.1 
9.1 
2.6 
6.4 
4.3 
I 
l 
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chert samples are enriched in more than one of the hydrothennally 
conVibuted elements and plot to the right of the curve(9) (Table 7-2). 
This suggests that although.it may not be possible to identify any 
given sample as being related or unrelated to the mineralization, the 
Gullbridge ferruginous chert samples as a group contain chemical 
features, probably related to the underlying mineralization, which 
distinguish them from other groups. 
Statistical reproduction of the above empirical approach was 
attempted by calculating discriminant functions, using Fe2o3 , MnO, Ba and Au 
as variables, for the mineralization subgroup and the Gull Pond mixed 
subgroup, Roberts Ann suite and Fortune Harbour suite respectively. The 
discriminant indexes, mean group vahies and individual sample values 
(see Appendix B for description) are plotted~ in Fig. 7.3 and indicate 
that the empirical separation of the groups can be reproduced statistically. 
The mineralization subgroup is separate as a group from the others in all 
cases although the separation is somewhat less well defined for the Fortune · 
Harbour suite than for the other two. As in the empi tical approach, more 
sa111>les from the mineralization subgroup than from the alternate groups 
are misclassified {i.e. fall on the wrong side of the discriminant index) 
and thus any given sample · related to mineralization is more likely to 
be mistaken as being unrelated to mineralization than vice versa .although 
the groups as a whole appear to be quite distinct. ·. Fe2o3 and Ba 
respectively contribute significantly to the varfa·tion between groups in 
two cases while gold is a significant factor in all three cases. Mno does 
not significantly enhance the separation in any case and for the mixed 
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subgroup and the Fortune Harbour suite, actually detracts slightly from 
the separation (i . e. provides a negative contribution to the variance, 
Fig. 7.3). 
The general applicability of this feature to regional mineral 
exploration cannot be assessed in the absence of further supporting data 
from similar sedimentary rocks associated with sulfide minerallzation in 
other areas. It appears, however, that fluids which are responsible for 
sulfide deposition may impart a distinctive chemical signature to 
associated chemi cally precipitated sedimentary rocks and this could prove 
to be a useful regional exploration tool . This chemical signature need 
not necessarily be defined by any or all of the elements mentioned above 
but in order to be meaningfully applied, should be defined by elements 
whose presence ion the sediments is related either to the..,.mineral i zing 
process or to the prior presence of spatially associated sulfide deposits. 
As noted in section 5.4, there are no chemical trends developed 
along strike in the Gullbridge ferruginous chert which indicate the 
location of the underlying mineral d~osits. However locally high 
concentrati ons of Ba occur in 4 samples ve_ry near the Southwest shaft 
deposit and two samples with highly anomalous gold values are present 
approximately 200 meters south of the Gullbri dge mine. In view of the 
fact that Ba has previously proven a useful indicator of mineralization 
in ot~er areas (Tono, 1974 ; Thurlow. 1974). it is tempting to attri6ute 
.the Ba enrichment in these samples to the discharge through the ·sotithwest 
shaft fumarolic vent of hydrothenmal fluids related to mineralization • . 
These samples are tightly fustered near the deposit and all are closer 
~ ..... - ,;::: '"'?· • .....-; .... ~ ..... . '!' .. ''\'W"··.··- ·· ·· ~ ~·· · ··.-..-.·- 1·•- ··.···· ···. '"' "~ 
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to the associated sulfide zone than is the nearest exposure of ferruginous 
chert to the Gullbridge ore zone so the possibility of a similar 
Ba-enri chme~t in the latter area cannot be assessed. Even if this effect 
is related to mineralization, its usefulness in exploration is severely 
limited by the narrow strike length of the anomaly and its sporadic 
occurrence. 
The Au "anomaly" occurs at least 2 00 meters from the Gull bridge 
ore deposit and considering that it only comprises two samples and is 
not present at all at the Southwest shaft, is not presently thought to 
be either an indicator of proximal fumarolic activity or a useful 
exploration guide. 
7.4 Conclusions 
l) Samples from the Gullbridge ferruginous chert horizon can 
be distinguished chemically from other lithologically s.imilaf' groups on· 
the basis of the covariation of Fe2o3 + MnO with Ba and Au"': These elements 
are inferred to have been introduced hydrothennally to the sediments during 
deposition and this distinction may thus be genetically related to the 
presence of the Gullbridge and Southwest shaft volcanogenic copper deposits, 
....._ 
stratigraphically below and spatially related to the Gullbridge ferruginous 
chert. 
2) Further da'ta are needed to test the general applicabi lity 
of the above feature. The ability to cl-temically distinguish chemical 
sedimentary rocks which are respectively related and unrelated to 
mineralization has the potential of being a useful regional exploration tool . 
..... , 
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3) Lateral chemical variations within the Gullbridge 
ferruginous chert h~rizon do not appear to proyide useful information 
on the location of the underlying mineral deposits. A possible 
exception to this is the high concentration of Ba in a few samples 
directly overlying the Southwest shaft deposit, a fe~ture which may 
be genetically related to mineralization. However the limiterstrike 
' .. length and sporadic nature of this feature probably severely limit 
its use as an exploration tool . 
/ 
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' CHAPTER 8 
SUMMARY 
The following is a brief suiiJllary of the findings of 
thi·s study: 
1) Chert, ferruginous sediments and associated sedimentary 
rocks are a ubiquitous althoug~ volum~trically minor constituent of 
the Upper Ordovician-Silurian lo1canic sequence of central d4ewfoundland. 
A complete range from relatively pure chert to siliceous and ferruginous 
~hale is present. 
2} Bedded chemical sediments are intimately asso,iated with 
a variety of volcanfc lithologies ranging from pillow lava and pillow 
breccia to silicic flows and pyroclastic rocks. They typically occur 
in small, discontinuous, lenses and pods confonnable with the volcanic 
stratigraphy . 
3) Interpillow chert is abu~dant in the middle to upper 
part of the volcanic sequence in the Roberts Ann area, less c<rnmOn in 
1 . 
the Fortune Harbour area and apparlfttly absent in the Gull Pond area. 
It often exhibits· an internal brecciated texture and .does not c00111onlY 
form coherent beds. 
4) The principal minerals present iD these sediments are 
quartz, hematite, epidote (± clinozoisite), illite, sericite, chlorite 
and sodtc plagioclase. Minor amounts of calcite, pyrite, magnetite, 
pumpellyite and chalcopyrite ~re present locally. 
5) Chemical trends in the chert and ferruginous sediments 
are strongly influenced by the. mineralogy of the rocks ~nd can usually 
• 
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be related to the p~sence of specific minerals or groups of minerals. 
The mineralogic distribution of elements inferred from chemical and 
. 
mineralogic data are summarized below: 
--
a) Sio~·s dominantly present in non-detrital quartz 
althou h tfically minor amounts are contributed by the 
various a uminosilicate minerals . 
. 
b) Fe2o3 commonly reflects the presence of hematite, 
although s~nifi cant amounts may rarely be contributed 
by epidote and/or pumpellyite. 
' • 
c) Al 2o3 is domina~tly contributed by the vario!JS alumino-
silicate minerals. CaO is ccmnonly pr'esent in epidote and/or 
clinozoisite but i~ some cases reflects the presence of 
calcite. MgO and FeO are dominantly present in chlorite 
although ferrous iron is octasionally contributed in 
significant amounts by magnetite and/or pyrite. K2o and 
Na2o are present in illite/sericite and plagioclase 
respectively. 
6) Probable sources of the compO>nents are as follows: 
, . . 
1 
a) Si02 was probably supplied to the bedded deposits primarily 
through the breakdown of siliceous organisms although an 
. indetenninate amount may have been contributed through the 
breakdown of volcanic detritus. Non-detr.ital quartz is 
.. 
inferred to nave formed by-maturation in ~he manner suggested 
by Heath and Mober~y (191.1). Substantial amounts of silica 
in the interpillow chert may have precipltated inorganically. 
• 
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b) Fe2o3, Mno", Ba and Au were probably introduced to -the 
depositional environment primarily by submarine hydrothermal 
exhalations. 
c) Tio2• CaO, Na2o. FeO, MgO, ~0 and Al 2o3 and all trace 
elements except Ba and Au were probably contributed mainly 
be detritjil material. 
7) There are no consistent variations in the chemistry of 
these sediments according to their st~atigraphic position and it is 
inferred that neither the chemical development of the associated 
volcanism_ nor the changi_ng bulk chemistry of the associated volcanic 
rocks substantially influences the composition tf the associated 
chemica 1 sediments. 
Oxidizing to mildly reducing conditions prevailed t~roughout 
the deposition and early diagenesis of these chemical sediments. 
Slightly more reducing and/or co2 deficient conditions may have prevailed 
·I 
during the formation of the Roberts Arm suite and the Gullbridge 
ferruginous chert than during formation of the Fortune Harbour suite and 
the Gull Pond mixed subgroup. 
8) The Gullbridge ferruginous chert· is stratigraphically 
above and spatially related to two vo 1 canogeni c copper deposits and can 
be chemically distinguished from similar: lithologies apparently 
unrelated to mineralization on the basis of Fe2o3• MnO, Ba, and Au 
concentrations. This latter feature may be genetically related to 
the underlying mineralization as these elements are interpreted to have 
been contributed by hydrothennal processes possibly related to the 
mineralization episode, and may constitute a useful regional exploratio_n 
tool. Further data are needed ta test its general applicability. 
' -·-·· .. ...... ....... _.,_ 
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9) Lateral variations within the Gull~ridge ferruginous 
chert do , not appear to serve as a reliable, consistent guide to the 
underlying mineralization. Although high Ba values in chert proximal 
to the Southwest shaft deposit may reflect the presence of this 
. 
deposit, these nigh values appear to be too restricted in strike length 
and sporadic in occurrence to be of use in exploration. 
In suntnary, the present study has focused on a wide range 
of chemical sedimentary rocks associated with early Paleozoic volcanism 
in an island arc environment. The data and conelusions presented in 
the various chapters and summarized above provide an insight into the 
physico-chemical conditions prevailing on the sea f1oor and the 
ensuing sedimentary processes that occurred during this stage of 
volcanism in Central Newfoundland. They also suggest that the processes 
whicn contributed to the. fonnation of these sediments may, in some 
ca~es, have been processes which 'also result in the formation of base 
metal sulfide deposits. Some areas for further work are indicated by 
the results of this study. For example, many previous workers have 
suggested that preservation of chemical .sediments should be rare in all 
active arc environment (e . g. Dickenson, 1974; Garrison, 1974} but the 
present study suggests that, in some cases. this process may be 
relatively widespread. Whether this is due, in the present case, to a 
relative lack o,f co_ntemporaneous clastic sedimentation or to special 
physico-chemical conditions is not clear.· Further detailed studies in 
similar volcanic regimes could indicate whether preservation of chemical 
sediments is, 1n fact, more widespread than previously reported and help 
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clarify the relationship between clastic and chemical sedimentation 
in this type of environment. 
It is noteworthy that most of the chemical sedimentation 
in this volcanic sequence apparently occurred in the oxide facies in 
contrast to other similar areas where the silicate, carbonate and 
sulf"tde facies are more extensively developed (e.g. Goodwin, 1962; 
McAllister, 1960; Davies, 1972). This may imply that Teducing 
conditions {i.e. favourable for sulfide deposition) were not 
extensively developed in Notre Dame Bay during this phase of volcanism. 
Further detailed mapping with close attention to and a careful search 
for chemical sediments of various facies might further elucidate this 
question. 
The use of oxide facies chemical sediments' as a regional 
guide to sulfide deposits appears to show some promise but the general 
applicab1lity of the results of the present study are still indetenninate. 
Further data from similar volcanic sequences could provide a test of 
• the usefulness of this method. The Lower-Middle Ordovician volcanic 
sequence in Central Newfoundland, which contains both sulfide deposits 
and considerable chemical sediments, is suggested as a possible area 
for this work. 
> ' 
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APPENDIX B 
i 
Sample Collection and Preparation 
Hand specimens.weighing 1 - 1~ pounds were colleCted in 
the-field using a four lb. sledge harrrner. In the Roberts Arm and 
Fortune Harbour areas, sampling was carried out along traverses of 
thebest exposed stratigraphfc sections through the volcanic sequence, 
; .e. in road cuts and along coastal sections. and represf!ntative samples 
were collected wherever chert and ferruginous sediments were exposed. 
In the Gull Pond area, the empt\ 1s w.as on sampling lateral ly continuous 
horizons along strike and these hori ons were commonly .walked out and 
sampled at regular intervals, depend ng on exposure. 
At _all . stations, an a~J(~pt was made to obtain a sample~ 
representative of the outcrop./ '"\ihere dherse physical characteristics 
of the sedimeats at a single station made this impractical., multiple 
\ s~les were taken representative of all types· present. Where 
. ... 
individual deposits were more than 2 Meters thick, systematic sa!Tllling 
acros-s the section was carried out, the sample interval depending on 
the thickness and exposure . 
247samp1es were chpsen for analysis. A nUirlber of sanples 
were rejected because they were extensively veine~ by quartz, calcite, 
epidote, etc. or sh~d other'evidence of extensive alterat~on (e.g. 
shearing _w1Jh secondary minerals developed alon~ shea,r ~1~). Thos~ 
samples to be analyzed were washed and broken into ch~ largest 
dimension of which was less than 0.75 011 . Chips containing an outside : 
i 
f [) 
! ;fl ;; ,, .. "'·''' 
,, ..... ,., 
' 
,. 
tiAt.,l 
FIG. B.l Roberts Ann su1te sample locations. All sample numbers 
prefixed by 11 RA". 
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FIG. 8.2 Fortune Harbour suite sample locations. All sample number 
'i)re"fix~d by "FH" • 
___ / 
' / 
BAY 
OF 
• 
l 
l ,, 
I . ~ 
I 
I 
- 205 -
FIG. S.J Gull~ suite sample rocations . 
Al--l-~y)e numbers 
prefixed by "GP". 
• 
• 
-. 
ICAta 
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surface of the original specimen and those containing visible veinle.ts 
were discarded and the remainder stored in a clean plasH c bag prior 
to crushing. A representative samp 1 i ng of these chips was crushed in 
a sfebtechni k tungsten-carbide swing mi 11 for 2-3 minutes producing 
a rock powder of -200 mesh as determined by random sieving. The rock 
powder was put in 4 oz. bottles and heated ovemi ght at 110° C. 
Ana lyti ca 1 Procedures 
Major Elements .. 
Major elements were determined on a Perkin-Elmer 303 
""-. 
at001i c absorption spectrophotometer equi ~ped with recorder readout. 
Rock powders were mixed to ensure homogeneity and exactly 0.2000 grams 
placed in a digestion bottle. 5 ml. HF was added and the samples were 
heated over a water bath. After subsequent cooling, 50 ml. of saturated 
bor~c acid solution was added and the solution again heated over a water 
bath until complete digestion was effected. The samples were then made 
up to 200 ml. with distilled w ter. 
Standards were pre ared in a manner similar to that 
described by Abbey (1968). 
Ferrous iron was dete titration accord1ng to the 
method of Wilson (1955) as described in Maxwell (1968). 5 ml. of ( 
. 
an~~~oni um vanadate so 1 uti on was added to· approximately 1 .2 grams of 
sample and the resulting solutiort was 111ixed in an aut001atic shalcer 
overnight. 10 ml. of sulphuric-phosphatic mixed acid was then added 
to the sample and the resulting solut_ion mixed with 200 ml. of saturated 
..... 
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boric acid solution. 10 ml. of ferrous anwnonitJ'Il sulfate solution 
and 1 ml. of bariiJTI diphenylamine sulphonate indicater were added 
and the sample titrated with standard potassium dichromate solution 
to a grey end point. 
Loss on ignition w~s detennined by weighing_ a known 
amount of sample into a porcelain crucible and heating at 1050°C 
for ~hours followed by cooling in a dessicator and subsequent 
reweighing to detennine ·the weight percent loss of volatile . 
Analytical accuracy and precisio~ of major ~1~~ 
analyses are presented in Tables B.l and 8.2. '_} 
Trace Elements 
, 
Nine trace elements were detennined by X-ray fluorescence 
using a Phillips 1220-C spectrometer. Sample discs were prepared by 
mixing 1.5 g of rock powder with 2- 3 drops of N-30-88 mowiol binding 
t 
agent and pressing the resultant powder into a. disc with boric acid 
backing at 15 T/in2. 
Precision and accuracy of trace element. analyses are shown .. 
in Tables 8.3 and B.4. 
~tical Procedures 
Major and trace element analyses were punched on computer 
cards and the indivi dua 1 samp 1 es grouped into thet r respective 
geographic suites and 1 ithologic subgroupings. Mean and standard ~ 
devhtion were calculated for all elements and all data s.ubgroupings. 
/ 
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A standard statistical program was employed to plot 
variation diagrams and histograms for all major subgroupings and 
to calculate Pearson Correlation Coefficients for all elem,nt in 
the geographic suites . 
The Mann-Whitney U-test (Siegal, 1956) determ · es the 
probability that two sets of data are drawn from the same population. 
It was employed in the present program in a manner similar to that 
previously used by Davenport and Nichol {1972) and Thurlow (1974) ~ 
test the statistical significance of mean element concentrations · 
differences between pairs of s~b~Joups, This test is non-par~etric 
I • 
and was use~ because of the s~all numbers of samples in some subgroups 
and because of the generally non-Gaussian distribution of element 
concentrations within the subgroups. 
Discriminant analysis was employed to test the chemical 
differences between various pairs of subgroupings by deriving a 
function which would classify these subgroups by considering 
simultaneously a number of variables. A canputer program was used 
which computed the discriminant index between the pairs of s~le 
subgroups. the mean discr;m;nant score for the respect~ve subgroups, 
individual scores for each sample and the relatfve contribution made 
by each vari4ble in deriving the function. 
Fe2o3 
Ti02 
· Si02 
CaO 
K2D 
MgO 
A1 203 
FeO 
Na2o 
lt!O 
L.O.L 
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TABLE B. 1 
PRECISION OF MAJOR ELEK.NT ANALYSES 
(from replicate analyses} 
NIJIIber of 
Detenni nations Mean 
7 6.38 
7 .13 
7 79.7 
7 4.17 
7 .35 
7 .97 
7 5.10 
7 .40 
7 .33 
7 . 53 
7 1.68 
J 
•• 
Standard 
Deviation 
. 16 
.01 
' 
1.16 
.07 
.01 
.02 
.11 
.01 
.02 
.02 
.03 
- 210 -
TABLE .B .2 
ACCURACY OF MAJOR ELEK:NT AN~ YSES~ 
Standard NLmber of 
Wt. 1 A* Mean Deviation Detenni nations 
s;o2 54.36 55.38 0.37 4 
Ti02 2.24 2. 35 0. 18 4 
A1 203 13.56 13.50 0.27 5 
Fe2o3 13.40 13.00 0.28 5 
CaO 6.94 6.63 0.07 4 
MgO 3.46 3.57 0.06 5 
Na2o 3.26 3.23 0.05 
5 
K2o 1.67 1. 73 0.05 4 
MnO 0.19 0.18 0.01 5 
* P ropos.ed va 1 ue5 after Abbey ( 1968). 
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TABLE B. 3 
PRECISION OF TRACE ELEMENT ANALYSES 
Sam~le XC-1 XC-2 XC-3 . XC-4 
G- 2 ~st..:z}, 
No. of Pellets 46 18 16 15 1 {10 runs) 
Element : 
Zr Mean (ppra) 129 90 195 109 326 
St. Dev. 22 8 23 11 7 
Sl" Mean (ppm) 98 85 51 102 494 
St. Oev. 8 5 14 9 4 
Rb Mean (ppm) 51 123 146 132 171 
St. Oev. 7 8 10 12 2 
Zn 'Mean (ppm) 27 88 24 29 98 
s.t. Dev. 1 2 1 1 1 
t 
Cu Mean (ppm) 15 14 14 11 18 
St. Oev. 2 3 3. 2 2 
Ba Mean ' (ppm) 1042 1194 . 966 973 1797 
St. Oev. 80 67 57 64 38 
Nb Mean (ppm) 15 15 19 21 15 
St. Oev. 2 4 3 3 3 
' 
Ni Me an ( pp111) 12 69 
~ 23 25 21 
St. Dev. 3 1 2 2 l 
·-. 
cr Mean (ppm) 12 53 N/A N/A 7 . 
St.· Dev. 4 4 1 
__________ ......_ ___ ._!' __ _ .. 
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TABLE 8.4 
ACCURACY OF TRACE ELEMENT ANAlYSES 
FROM CALIBRATION CURVES DATA 
·· - ------
Number of Standards 
Standard No. of 
Element Deviation {s.d.) Range ~ Pellets Stds. 
Zr 20 s. d. to 700 200 18 12 
Sr 18 s.d . - 1400 250 24 18 
Rb 8 s. d .• 400 130 21 15 
Zn 10 s. d. - 350 100 24 16 
Cu 3 s. d. - 110 35 27 16 
Ba 46 s. d. - 1900 700 20 14 
Nb 4 S.d. - 300 32 19 13 
Ni 21 s .d. - 2400 410 24 16 
Cr 400 ppm 7 S.d.· - 400 'so 18 12 
Cr 400 ppm 140 400 - 4000 2000 5 4 
N.B. 
Standard deviation could be considered an estimate of standard 
error of y given x. · 
NUIIIber of pel represents the n~ber of individual points 
used on the calibration curve wh.,ith may include a duplicate of some 
standards especially U.S . G.S . st~dards. while the "standards• column 
represents the number of d1 f erent-, standards used from various agencies. 
. \ 
' 
0 ' J : ., I 
APPENDIX C 
CORRELATIOH MATRICES 
(bracketed numbers indicate significance .of correlation} 
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APPEND I X E 
SAMPLE DESCRIPTIONS 
Abbreviations used: 
SF Silicic Flows 
SPX Silicic pyroclastics 
MPL - Mafic pillow lavas and massive flows 
MPX - Mafic .pyroclastfcs 
Bd Bedded subgroup 
I. P. - Interpillow subgroup 
Min. Mineralization subgroup 
Mx Mixed subgroup 
. 
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Sample Subgroup(a) Colour Host Rocks Physical Fe•tures 
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Sample Subgcoup(-J Colour Host Rocks Physical Features I 
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SF SPX MPL MPX Lam· ...... Bx. Remarks 
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Sample Subgroup(•) Colour Holt Rocks Phylical Features 
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Simp l e Subgroup(s) Colo u r Host Rocks Phys i cal featu r e!; I I 
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